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SOME ASPECTS OF PESTILENCES AND OTHER 
EPIDEMICS. 


From the time of the first recorded pestilence down to the 
present there have been comparatively few periods of any con- 
siderable length when pestilences or other epidemics have not 
prevailed in some part of the world. One of the most persistent 
of these is the disease now known as the Oriental or bubonic 
plague. It is possible that the last of ‘‘the plagues of Egypt’’ 
was this same pestilence; and there can be little doubt that the 
more than 50,000 Israelites and Philistines ‘‘slain by the angel 
of the Lord’’ near Bethshemesh on account of the ark (I Sam. 
iv, 6), as well as the 70,000 ‘‘destroyed by Jehovah”’ on ac- 
count of David's sin (II Sam. xxiv, 15),’ were simply victims 
of the pestilence which is destroying its thousands in the Orient 
to-day, for the symptoms, so far as they are given, are similar. 
It is probable, therefore, that the plague of David was identical 
with the pestilence which, according to Homer, broke out in 
the Greek camp during the Trojan war. And we may reason- 
ably suspect that one of Job’s afflictions was an attack of the 
bubonic plague. The plague of Athens (430 B. C.), so graphi- 
cally described by Thucydides, though resembling the genuine 
plague in some respects, was probably not identical with it. 
In the description of this pestilence we get our first valuable 


1This attribution of pestilences to the ‘‘angel of the Lord’”’ was not 
peculiar to that early age; belief in their divine origin and punitive 
nature persisted in Europe until recently. 
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data for a psychological study of pestilential epidemics. In 
the account given by Rufus of Ephesus concerning a pestilence 
300 B. C. we have probably the first authentic account in pro- 
fane history of the genuine bubonic plague. Procopius, an 
eye witness of the Justinian plague (542 A. D.), proves that 
scourge to be the greatest and most wide-spread pestilence 
known up to that time:—indeed, it has been surpassed in its ° 
sweep and destructiveness by only one in the history of the 
world, and that one is the Black Death. 

Though all the intervening centuries record numerous pesti- 
lences—usually five or six to the century—our attention will 
centre mainly in the epidemics of the later Middle Ages, and 
particularly in the fourteenth century, for into it were crowded 
more pestilences and peculiar epidemics than have ever been 
known at any other time. Not to mention the famine which, 
in the second decade of the century, strewed the roads with 
the dead, and caused imprisoned thieves to devour one another, 
nor the severe scourges of some of the more common diseases, 
such as measles and small-pox, there were probably twenty 
visits of the plague in various parts of Europe; besides, the 
witch mania still held sway, and the craze of the Flagellants 
was almost universal; the dancing mania in some form or other 
overran a number of European countries,—St. John’s and St. 
Vitus’s dance in central and northern Europe, and tarantism in 
Italy; and that most terrible (though not the most wide-spread) 
of all diseases, St. Anthony’s fire, raged particularly in France 
and England. Truly this was ‘‘a century of putrid malignant 
affections.’’ 

The Black Death, which we shall consider first, occurred 
about the middle of the century, though the name which it 
now bears was not applied to it till about a century later. It 
has very appropriately been called ‘‘the greatest calamity ever 
visited upon mankind.’’ Dr. Creighton, speaking of the Black 
Death (103a: II 133), says that although the political history 
of that part of the century is not unimportant, ‘‘it shrinks into 
insignificance in the presence of that tremendous social calamity 
which changed the whole face of rural England, and by trans- 
forming her agricultural system, gave a new direction to her 
industries, left a lasting impress on her laws, her arts, and her 
manners, and in a word, profoundly and permanently affected 
- whole future course of her political, social and economic 

e.’’ 

Only by a somewhat extended study of the Black Death will 
we be prepared to appreciate its full significance for a psycho- 
logical study. Let it be understood at the outset, however, 
that in describing the Black Death I am but describing a severe 
form of the bubonic plague, for it is not a disease sui generis,— 
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a pestilence that visited the earth but once and then disap- 
peared forever, as some have thought (1:416). 

I have referred to the Black Death as the greatest calamity 
the human race was ever subjected to. It is true, the Jus- 
tinian plague, which ushered in the Middle Ages, was called a 
world-pestilence, for it overran the known world of that early 
date, but the known world in 1348, when the Black Death, the 
next world-pestilence, brought the Middle Ages to a close, was 
a much greater world. There have been two or three scourges 
since that date which were less general in their sweep but 
even more destructive in some places. London, for example, 
suffered probably as much in 1603 and 1625, and perhaps even 
more from the ‘‘Great Plague’’ in 1665, when the plague as an 
epidemic visited England for the last time." The same could 
be said of Milan, Marseilles, Constantinople, and other cities; 
but what gives the Black Death greater prominence is the fact 
that it was pandemic. 

As to the originof the Black Death, there are various opin- 
ions. Not a few writers have considered it a special punish- 
ment sent by the Almighty because of the wickedness of the 
world; others have thought that the plague was ‘‘created 
in the beginning,’’ and that there has been no break in it 
since; still others think it unnecessary to assume that the 
Black Death (or the plague in any form) ‘‘was created in 
heaven’’ for the punishment of man’s wickedness, or that it 
has existed in unbroken succession since the beginning of the 
world; but prefer to hold that the germs exist, and only need 
suitable soil or right conditions in order to develop and pro- 
duce the disease. This view, it seems to me, will force itself 
upon one who makes a careful and exhaustive study of all the 
facts. The origin of the Black Death, as of other outbreaks of 
the plague in modern times, could no doubt be traced to natu- 
ral causes in some definite place if records had been kept. 
Whether it originated in China,? as some think, or in Arabia, 
as others believe, I shall not discuss; but shall stop where I 
think absolutely authentic history stops. 

We have definite proof that the plague afterwards known as 
the Black Death, existed at Caffa or Gaffa (now Theodosia), a 


1Dr. Creighton says (I. 202) that it ceased in 1666, but Brayley 
(Intr. to DeFoe, p. xx), says that in a milder form it persisted till 
1679. 

2Many writers, following more or less vague reports, are of opinion 
that the Black Death originated in China in 1333 in connection with 
earthquakes and famine. Dr. Creighton refers to this tendency to 
place the origin as far off as possible when he says that according to 
some epidemologists “‘it is enough to have traced a virus to a remote 
source, to ‘the roof of the earth,’ or the backbone of the east wind, 
and there to leave it.”’ 
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Genoese city in the Crimea, about the middle of the fourteenth 
century (30:48). In 1346 this town was attacked by the Tar- 
tars, and at some time during this siege, probably in 1347, the 
plague broke out among the Tartars, and carried off thousands 
daily. The besiegers, despairing of taking the city by force, 
and hoping to get possession in an indirect way, or perhaps to 
take revenge on the beseiged, began to use their engines of 
war for hurling into the city the bodies of those who had died 
of the pestilence (30:48). The city was abandoned; the inhabi- 
tants took to their ships and sailed westward, causing the 
spread of the plague in Europe. It came to Constantinople; 
the emperor, John Cantacuzene, following Thucydides’s de- 
scription of an earlier pestilence, says (40:10), ‘*The epidemic 
which then raged in Northern Scythia, traversed the entire 
seacoast, whence it was carried all over the world. For it in- 
vaded not only Pontus, Thrace and Macedonia, but Greece, 
Italy, the Islands, Egypt, Libya, Judea, Syria, and almost the 
entire universe.’’ A detailed study of the Black Death for the 
next four or five years would lead to the acceptance of such a 
description as this, without so much discount as would at first 
seem necessary. 

It was early in the year 1348 that the ships which are be- 
lieved to have brought the infection from the Crimean city 
reached Italy. Though the ships arrived safe,—some at 
Genoa, some at Venice, some at other ports,—not so the crews, 
for De’ Mussi says that of a thousand sailors hardly ten were 
spared (30:50). At some places ships were seen without crews; 
drifting with the tide, touching shore here and there, and 
spreading the poison everywhere they touched (49:21; 40:12), 
just as in the country ‘‘herds were seen without a shepherd,’’ 
roaming at will, and communicating the plague (30:50),—for 
cattle, as well as men and rats, are subject to this disease 
(30:46; 49:5; 24:8). It mattered little, however, whether ten 
or a thousand sailors reached home, for, to use Covino’s ex- 
pression, ‘‘one can infect the whole world.’’ And this seems 
less of an exaggeration after reading such accounts as the fol- 
lowing, by De’ Mussi (30:52). ‘‘Some Genoese, who fled from 
the plague raging in their city, betook themselves hither to 
Piacenza. They rested at Bobbio, and there sold the mer- 
chandise they had brought with them. The purchaser and 
their host, together with all his family and many neighbors, 
were quickly stricken with the sickness, and died. One of 
these, wishing to make his will, called a notary, his confessor, 
and the necessary witnesses. The next day all these were 
buried together. So greatly did the calamity increase that 
nearly all the inhabitants of Bobbio soon fell a prey to the sick- 
ness, and there remained in the town only the dead.’’ And 
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again (p. 53): ‘‘It was the same in neighboring towns and 
villages. One Oberto di Sasso, who had come one day from 
an infected place to the church of the Friars Minor to make 
his will, called thither a notary, witnesses and neighbors. All 
these, together with others, to the number of more than sixty, 
died within a short space of time.—[Besides many members of 
the various religious orders] more than sixty dignitaries and 
rectors of the churches in the city and district of Piacenza died. 
Of nobles, too, many; of young people a vast number.”’ 

Such descriptions as this could be given of almost every city 
on the Italian peninsular; and not only at this date, but during 
many other visits of the plague, for Italy was visited sixteen 
times in the fourteenth century (40:31). Milan, which was 
the only important city to escape in 1348, was not so fortunate 
on other occasions, especially about two centuries later. Some 
of our most interesting material will be found when we take up 
the plague of 1630 in that city. And the description which it 
will be necessary to give of that scourge will make it desirable 
to omit details of a similar, nature in other places. 

It not only spread throughout the length and breadth of 
Italy, but found its way into France. Hardly a nook or corner 
of this country escaped. Li Muisis, Abbot of St. Martin’s, 
Tournay, who was a contemporary of the events he describes, 
gives a vivid picture of the ravages of the plague not only in 
his own city, but in all France. Avignon, then the seat of 
Pope Clement VI, suffered more than most cities. The pope 
left the city for a time, and in order to make it possible for the 
sick to have attention, he granted plenary absolution to all 
who would care for the sick (40:41); otherwise it would have 
been difficult to get any to do this work of mercy. Marseilles 
was sorely afflicted, as it was a century or two later; and Paris 
did not escape. To show how nearly universal it was in 
France, one author says the plague went ‘‘from town to town, 
village to village, from house to house, and even from person 
to person.’’ Indeed, this same statement could be made of 
almost all European countries, and would beno great exaggera- 
tion. 

It had overrun Spain’ before it had become so wide-spread 
in France. From France it took several different courses,— 
toward Germany, Belgium, Holland and England. After 
raging in England for a whole year, it found its way into 
Wales, Ireland and Scotland, and in 1350, into Greenland and 
Iceland. On the continent in this same year, it came into 
Switzerland apparently from different directions; it also visited 


1Spain suffered greatly again in 1399, when it was so depopulated 
that the law forbidding women to marry within a year of their hus- 
bands’ death was suspended (110: I, 143). 
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Austria, Hungary, Poland, Norway, and Northern Europe 
generally, reaching Russia in 1351. Thus its sway in Europe 
extended from 1347 to 1351. This must be understood as 
a mere outline, intended to give only a general view of the 
course of this dread disease. It must be remembered that 
scarcely a town or hamlet escaped in any of these countries 
mentioned, and indeed, in some countries not specified, to- 
gether with many islands of the sea. Creighton expresses it 
well when he says that not a country from China to the At- 
lantic escaped. 

One is naturally curious to know something more in detail 
concerning the nature of a disease that brought such wide- 
spread desolation at one visitation,’ to say nothing of the halt 
a hundred other visitations in Europe from the time of William 
the Conqueror till the ‘‘Great Plague’’ (1665), and half ascore 
or more since that time. 

In general, we may say the symptoms? of the Black Death 
were of two kinds, outward and inward. Of the outward signs, 
there was swelling of the gland (usually in the armpit, groin 
or neck) called imposthumes or buboes; dark spots on the 
breast or back,—known as ‘‘God’s tokens,’’ usually shortened 
to ‘‘tokens’’—-(the color of these spots gave the disease its 
name of ‘‘Black Death’’); sometimes carbuncles in the fleshy 
parts; in some cases, inflammatory boils, separate or confluent. 
The chief inward sign was blood-spitting, or as some say, 
‘‘vomiting,’’ but while this was found wherever the plague 
raged, it was not found in every case—not even in all severe 
cases. I may mention, also, that delirium was very frequently 
present. Many writers mention a gangrenous inflammation of 
the throat, and violent pains in the chest; this no doubt was 
connected with the blood-spitting. There was a pestilential 
odor from the breath of those who vomited blood. Dr. Hodges 
(106 : 367) speaks of the perspiration being purple or green- 
ish black and of the blood being colored. In the East the 
plague usually began with nose-bleeding, and this was a sure 
sign of death, as blood-spitting was in the West;—it is said 


1The plague returned to England five times before the end of the 
fourteenth century,—1361, 1368-9, 1375, 1382, 1390-1. Had not the coun- 
try been so depopulated already, the scourge in 1361 would have rivaled 
the Black Death; it claimed more victims among children (as its 
name, “pestis puerorum,” indicates) and among the higher classes 
than the plague in 1348,—indeed the Black Death is usually consid- 
ered a disease of the lower classes, but it did not spare the great b 
any means; the wife and a daughter of Edward III, of England, 
Johanna of Navarre, Johanna of Burgundy, two brothers of the king 
of Sweden, Alfonso XI, of Spain, and others connected with royal 
families were victims of the plague. 

2Cf. Gasquet: 7; Hecker: 2, ff.; Sprengel: II, 606 f. 
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that no one in England was known to live longer than a day 
if he began by vomiting blood (cf. 62:22). I use ‘‘vomiting’’ 
and ‘‘spitting’’ interchangeably, for dissection always showed 
the lungs to be the part affected when this symptom was pres- 
ent; in fact the lungs were practically consumed by a putrid 
inflammation. Absolute dissolution seemed to be aimed at; dis- 
section would show more decay inside than out. In the West, 
the lungs were often attacked and death was near before any 
outward signs or buboes appeared, according to the account 
given by de Chauliac. Physicians sometimes opened bodies 
and found huge carbuncles inside. The buboes were fre- 
quently as large as a hen’s egg; if they broke, or became run- 
ning sores, there was hope for the patient, otherwise death 
occurred in a short time. The ‘‘tokens,’’ or outward signs 
which almost surely indicate death, are black spots, carbun- 
cles, or buboes, and inflammatory boils, unless, as stated above, 
the buboes or boils should break. 

The plague did not attack all people in the same way. Some 
retired at night, apparently well, and were found dead next 
morning; some fell into a deep sleep from which they could 
not be roused; some were struck suddenly and died within a 
few hours; others, wild with fever, could not sleep, and were 
consumed with a deadly thirst. It was not uncommon for per- 
sons who felt no pain to see the tokens and then be dead in a 
few hours. Dr. Hodges (106:262) says that men who were 
engaged in conversation with their friends have been known to 
fall suddenly into a profound and often deadly sleep. Dr. 
Guthrie, who was in Moscow during one visit of the plague, 
saw men fall as if shot (106:262); some of these, however, 
would recover. Dr. Alexander Russell (p. 229) confirms these 
reports, and Antes (p. 42) has known men to drop dead with- 
out the least warning sign.* 

It must not be inferred that the majority died suddenly, 7. ¢., 
without warning; those who began with nose-bleeding or 
blood-spitting might live a day, but not longer. If they were 
attacked in some other way they might live till the third day, 
the day on which most deaths occurred; one who lived beyond 
the third day was likely to die the fifth if he died at all. One 
who recovered might be attacked again and again, even as 
many as half a dozen times, and was no more likely to die 
because of having had the plague before. 

It can well be understood that accurate statistics could not 
be gathered in a scourge like this; so we are prepared for con- 
siderable difference of opinion in regard to the number of sick, 


1 Cf. also Hecker: 6; Gasquet: 10; Sprengel : II, 606f.; Papon : I, 172; 
Webster : I, 103. 
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the percentage of deaths, the total number of victims, and so 
on. Before giving the estimates of various authors on these 
points, it may be well to consult the reports in regard to more 
recent scourges where the figures can be relied upon as correct. 

Dr. McLean, who spent some time in the Levant studying 
the plague in 1817, says that go per cent. of the sick died, but 
he fails to give the percentage of attack. In a study of the 
Pali plague of 1836 (50: V, 515) Hirsch says that 30 per cent. 
of the entire population were attacked and that about 80 per 
cent. of the sick died,—giving a mortality of 24 per cent., or 
nearly one-fourth of the entire population. The report of the 
commission appointed by the English parliament 1900 and 1go1 
gives a similar percentage for Bombay. Sternberg, whose in- 
vestigations are more recent still, gives (p. 105) the mortality 
of those attacked among Chinese, as 94.4 percent. It is rea- 
sonable to conclude, therefore, that the death rate was no less 
in the Middle Ages when ignorance of sanitation gave the 
Black Death a better field than the plague can have in modern 
times. And as the mortality was about the same at different 
times and places, the death lists of some of the most important 
cities may give the clearest notion of what the world has 
suffered. 

Marseilles lost in one month, 16,000; Florence, 60,000 alto- 
gether; Avignon, 60,000; Sienna, 70,000; Venice, 100,000; 
London, 100,000, according to Barnes and Rickmann.' These 
are not the highest estimates—Boccaccio (Intro. to Decameron) 
gives 100,000 for Florence, as against the 60,000 mentioned 
above; and 150,000 are the figures given by Gasquet (p. 37) 
and Anglada (p. 431) for Avignon; while Guy de Chauliac, 
who was a practicing physician there at the time, says (chap. 
V) that three-fourths of the population had the plague, and all 
who had it died. Moscow is said to have lost 200,000 in one 
visitation of the plague; during the ‘‘Great Plague,’’ Webster 
says 150,000 died in Naples, or if we include the Neapolitan 
territories, the grand total reaches 400,000 (110:I, 190). Some 
places lost their 40,000 or 50,000 in a very few weeks. In 
many cities 1,000 or 1,500 in a day was not unusual when the 
plague was at its height;* and both Constantinople and Rome 


1 For these and other cities cf. Hecker:23, 24; Sprengel: II, 606; 
Haeser: II, 126. 

2It may well be imagined that the question of burial was a very 
serious one in times of such mortality, for the double reason that the 
dead were so many and the living so few. ‘‘There were scarcely 
enough left to bury the dead,”’ is an expression used in all parts of the 
world. In fact, bodies were sometimes thrown into the street and left 
there for days (40:60). At Avignon the pope consecrated the Rhone 
so that bodies might be thrown into it (49:25). Michaud says (II, 
287) that more than 400 bodies a day were counted floating down the 
Nile. Asa rule, trenches served for graves; bodies were carried by 


i 

I 

‘ 


PESTILENCES AND OTHER EPIDEMICS. 9 
are said to have lost, at different times, as high as 10,000 in 
one day (49:22; 110:I, 69, 97). Different writers estimate that 
Italy lost half its population altogether, as a result of the Black 
Death (40:44; 49:26); Padua lost two-thirds, and Venice 
three-fourths,—the rest fled (40:26). In many places in 
France the pestilence carried off nine out of ten, according to 
Vitoduros (40:50). The number of Minorites alone who died 
in Italy is estimated at 30,000 (44:II, 139; 40:45). Both 
Walsingham and Wood have estimated England’s loss at the 
same figures given for parts of France and Italy, z. ¢., nine- 
tenths (49:25; 40:44; 1:413 f.); but others, more conservative, 
give it as three-fourths or even one-half.’ At any rate, its 
severity in England was so great as to cause the king to pro- 
rogue parliament several times, and make a truce with France 
which broke off the hundred-years’ war for six years (24:I, 177); 
also so great as to break up Oxford for a time, and seriously 
cripple it for many years; of the thirty thousand students 
claimed for the university by the chancellor, Fitzralph, before 
the Black Death, not more than one-third were back at work 
about ten years later (24:1,189; 40:210).? Douglass says that 
three-fourths of Poland’s population died. Germany’s loss is 
estimated by Haeser and others at about 1,500,000 (49:26), 
125,000 of these being friars of the ‘‘Barefooted’’ order (44:II 
139). Many German towns of probably 200,000 were entirely 
bereft of inhabitants,—by death or by flight. Altogether it 
has been estimated that not less than 10,000 country towns and 
villages were left without a living soul (40:50). The king of 
Sweden said that scarcely a man escaped in Norway. A wil- 
derness grew up where there had been civilization; lands were 
uncultivated; villages and houses were uninhabited and deso- 
lated. Not for generations did the country recover (24:I 191; 


the cart-load and dumped into ditches, hundreds—some say thousands 
—in one ditch (73:1, 241). And we are told (73:1, 179) that on many 
occasions, because of heartlessness or haste, people were buried alive. 

1 Among recent writers who believe that England lost half its popu- 
lation are Creighton (103a: II, 188), Corbett (103a: II, 190), Cunning- 
ham (p. 275-6) and Seebohm (pp. 93, 149); Prof. Thorold Rogers does 
not deny this percentage, but he believes (p. 191) that the usual esti- 
mate of 2,500,000 for England’s total loss is too high, for that number, 
he concludes from a calculation based on the productive power of the 
land, is all that the country could have supported before the Black 
Death; Gasquet, however, having ascertained from the church rolls 
the number of the clergy, argues (p. 205, note) that on the basis of 
Rogers’s estimate one man in every twenty-five was a priest,—a con- 
clusion not easily accepted. 

2 One thing that shows how the Black Death impressed itself on the 
mind of the English, is the fact that documents were afterward dated 
from that event instead of from the reigning king, as had been cus- 
tomary (54:I, 469). 
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40:68, 69). It is estimated that Europe altogether lost 25,- 
000,000 during the reign of the Black Death, and China and 
the East, 36,000,000 (49:30). If these figures are even ap- 
proximately correct it is probably true, as Hecker says (p. 30), 
that one-fourth’ of the earth’s inhabitants became victims of 
this terrible scourge. 

In speaking of this universal desolation, Petrarch, who saw 
the ravages of the Black Death in Parma, expresses himself 
thus (Epist.: VIII, 7): ‘‘How will posterity believe that there 
has been a time when without the lightnings of heaven or the 
fires of earth, without wars or other visible slaughter, not this 
or that part of the earth, but well nigh the whole globe has 
remained without inhabitants? We ourselves should think 
we are dreaming, if we did not with our eyes, when we walk 
abroad, see the city in mourning with funerals; and returning 
to our home, find it empty, and thus know that what we 
lament is real.’’ Petrarch was in a position to realize the 
awfulness of the pestilence, for besides seeing so much himself, 
his brother was in a monastery where he had to bury thirty- 
four of the inmates; and worst of all, perhaps, in his eyes, 
Laura, whom he has immortalized in his poems, died of the 
plague at Avignon. 

It seems appropriate in this connection to quote another 
famous writer, Boccaccio, who, as already mentioned, was an 
eye-witness of the plague in Florence, in 1348. ‘What mag- 
nificent dwellings, what notable palaces were there depopu- 
lated to the last person! What families extinct ! What riches 
and vast possessions left, and no known heir to inherit ! What 
number of both sexes in the prime and vigor of youth, whom 
in the morning, either Galen, Hippocrates, or A¢sculapius 
himself but would have declared in perfect health, after dining 
with their friends here, have supped with their departed 
friends in the other world’’ (Intr. to Decameron). 

What Michaud says (II. 187), in regard to the uncertainty 
of life in Egypt, is equally true of many other places: ‘‘It was 
at the period of seed time that the plague was at its height; 


1 Haeser (II, 137) estimates that the world lost from one-third to 
one-half of its population; Webster (I, 137), from one-half to three- 
fourths; Papon (I, 104), four-fifths. Against Hecker’s estimate of 
60,000,000 for the whole world, Anglada (p. 432) makes it over 75,000,- 
ooo. According to Gibbon it should have been even greater, for the 
world’s loss during a less severe scourge (the Justinian plague) was 
100,000,000, he estimates (V, 503). But even if it be granted that 
these estimates are far too great it does not interfere with our pur- 
pose; indeed, if the figures are exaggerated it is due to the tremendous 
effect of the pestilence on people’s minds; moreover, the belief in its 
great destructiveness would, even if false, produce some of the effects 
which we shall meet with later. 
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they who sowed the seed were not the same that plowed the 
fields; they who sowed lived not to reap the harvest.’’ 

These details concerning the plague will, it is hoped, pre- 
pare the way fora better understanding of what is to follow. 


As great as were the physical effects of the plague, they 
were even greater, if possible, in the field of morals.’ It is 
true, there were some cases of praiseworthy actions, splendid 
examples of devotion to duty, of heroism and self-sacrifice. 

In Ljiibeck, while the Black Death was raging, people 
brought their gold and other valuables to the cloister to give 
to the church; finding the doors shut against all comers—to 
prevent, if possible, the entrance of the plague—they threw 
their goods over the walls (44: II, 149; 49: 24); many left 
their property to the church by will (97; 607). This, how- 
ever, is not likely to appeal to one as an example of very 
great sacrifice, for with death at the door, men are not sup- 
posed to cling tenaciously to their worldly possessions. The 
sisters of charity in Paris astonished all by their fearless and 
devoted attention to the sick when more than five hundred a 
day were dying at the Hotel-Dieu; again and again their ranks 
were decimated by the plague, but volunteers were always 
ready to take the place of those who fell (49:25; 40 : 48). 
Monks and physicians, generally but not always, lost sight of 
self in ministering to others; even these deserted their post 
when the Black Death was at its height in Florence (40: 13, 
25, 44, 47; Boccaccio, Intr., 30: 53). 

Gasquet mentions the fact that morals even improved in 
some places. At Tournay, France, where very rigid laws were 
made so as to shut off as much of evil influence as possible, the 
practice of swearing diminished, and dice were made into beads 
or ‘‘round objects on which people told their Pater Nosters,’’ 
according to Li Muisis, Bishop of St. Martin’s, in that city 
(40:52). But he recognizes the demoralizing influence of the 
plague: ‘‘Instead of turning men to God, it turned them to 
despair in all parts of the world. Writers of all nationalities 
describe the same dissoluteness of manners consequent upon 
the epidemic.’’ (40:Intr. xvii). He further adds this from 
the continuator of William of Nangis: ‘‘People were afterwards 
more avaricious and grasping, even when they possessed more 
of this world’s goods than before. They were more covetous, 
vexing themselves with contentions, quarrels and lawsuits. 


1Other pestilences besides the plague, in fact, great calamities of 
all kinds, affect morals; but as the plague is, by far, the best single 
example, it—and —— that form of it known as the Black 
Death—has been chosen for special consideration here, and other pes- 
tilences, famines, catastrophes, etc., will be noticed only incidentally. 
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Charity grew cold, wickedness with its attendant ignorance was 
tampant, and few were found who could or would teach chil- 
dren the rudiments of grammar in houses, cities or villages’ 
(40:48). Manzoni, also, admits (p. 594) that there was good 
along with the bad: ‘‘There are some remarkable cases of vir- 
tue in public calamities, and in any long continued disturbance 
of settled habits, but an augmentation of crime is far more 
general. In this case [in Milan] the villains whom the pesti- 
lence spared and did not terrify, found in the common confusion 
and in the relaxation of public authority, a new opportunity 
of activity, together with new assurances of impunity.’’ The 
vast majority, however, look wholly on the dark side and agree 
that there was an unstringing of the consciences of the sur- 
vivors, which resulted in a lamentable outbreak of profligacy. 
In giving their opinion, I shall, in the main, let them speak 
for themselves. 

To begin with, I shall quote from Boccaccio (Intr. to De- 
cameron) in regard to the plague in Florence: ‘‘When the evil 
had become universal, all human feeling seemed to be gone; 
people fled from the sick to save themselves. Others shut 
themselves in, living aloof from others. No news of affairs 
outside was permitted. They spent their time in music, sing- 
ing and other pastimes, but did not go to excess. Some con- 
sidered eating and drinking to excess, amusements of all kinds, 
the indulgence of every gratification, and indifference to what 
was passing around them, as the best medicine, and they acted 
accordingly. They wandered day and night from one tavern 
to another, and feasted without moderation or bounds. They 
abandoned home and all property like men whose death-knell 
had already tolled. Amid the general lamentation and woe 
the influence and authority of every law, human and divine, 
vanished, and every one acted as he pleased.’’ 

Hecker (p. 49) puts it even more strongly, in these words: 
‘*Compassion, courage and the nobler feelings were found in 
but few, while cowardice, selfishness and ill-will, with the 
baser passions in their train, asserted their supremacy. In 
place of virtue, which had been driven from the earth, wicked- 
ness everywhere reared its rebellious standard, and succeeding 
generations were consigned to her baleful tyranny.’’ 

Tytler (pp. 3-4) speaks of moral degeneration, desertion of 
children by parents, and desertion of parents by children, of 
stealing and murder, and the cruel mode of preventing or pun- 
ishing these (as by breaking on the wheel of torture) and also 
of the sick and suspects being killed,’—all of which indicate 
the tremendous effects of the plague. 


1 Dr. Creighton (pp. 491 f.), quotes John Davies as authority for the 
statement that a person was drowned (by order of Sir Herbert Croft, 
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Assalini, who lived in the Levant during a scourge of the 
plague, agrees with the others when he says (p. 89) that ‘‘Our 
sick are separated from the rest of the family, and abandoned 
to their unfortunate lot, the mother even refusing to carry 
assistance to her own son during the agonies of death, and the 
husband not daring to approach the dearest object of his affec- 
tions, who requests from him a drop of water, in a voice the 
most tender and supplicating.’’ 

Gabriel de Mussis (30: 53), who was a notary in Genoa 
when the Black Death reached there from Caffa,*? describes 
scenes in his city exactly like those witnessed by Assalini in 
the Levant. 

In speaking of the awful calamity that befell Muscovy, in 
1603, when the plague and the famine combined claimed 500,- 
ooo victims, Noah Webster uses this language: ‘‘Parents de- 
voured their dying children; cats, rats and every unclean 
thing was used to sustain life. All ties of nature and morality 
were disregarded; human flesh was exposed for sale in the 
open market. The more powerful seized their neighbors; 
fathers and mothers, their children; husbands, their wives, 
and offered them for sale’’ (110: 1, 171-2; 68:II, 187-9; 
106 : 48-9; 49:30). These effects were probably due as much 
to the famine as to the plague; in general, it may be said that 
famine has quite as demoralizing and ‘‘denormalizing”’ an effect 
as the plague. According to Dr. Creighton (103a : II, 161) 
the severe famine in England in the early part of the fourteenth 
century not only caused people to eat the flesh of dogs and 
horses, but caused the inmates of jails (prisons were full of 
theives) to fall on and devour any new arrival who had flesh 
enough to tempt them. Michaud, in his *‘History of the 
Crusades,’’ in speaking of a famine in Egypt in the thirteenth 
century, says (II, 187) that famine rendered every man an 
enemy of his fellows, and made him insensible to pity, shame 
and remorse. Inthe same connection (p. 186), he says that 
this terrible pair (plague and famine) not only caused mothers 
to devour their children, but caused people ‘‘to dispute with 
worms the right to the spoils of coffins.’’ He also adds that 
famine and voluptuousness formed a hideous union; that all 
the vices of the infamous Babylon prevailed; that impure love, 


one of the council of the Marches of Wales) in order to prevent infec- 
tion; Papon (I, 179) gives a case of burying alive; Gasquet (p. 138) 
speaks of the same; in fact, many others could be given who agree 
with these. 

2De Mussis was long believed to have spent the two or three years 
preceding the Black Death in Caffa, and to have been in that city dur- 
ing the siege, but recent investigation shows no break in his records 
as notary in Genoa till many years after the plague. 
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unbounded passion for play, with all excesses of debauch, were 
mingled with images of death;—and this among the crusaders 
themselves. Modern instances are cited by Mr. J. E. Scott 
and Mr. Julian Hawthorne, both of whom have recently seen 
the combined effects of plague and famine in India. The 
former saw a mother and her starving infant cruelly robbed 
of money which he had just given her. The latter speaks of 
cases in which even the maternal instinct was annihilated; 
children were robbed of food and left to starve even by their 
own mothers (48 : 380). 

According to Gibbon (III, 206) the effects of violent earth- 
quakes are the same: ‘‘Instead of the mutual sympathy which 
might comfort and assist the distressed, they dreadfully expe- 
rience the vices and passions which are released from fear of 
punishment; the houses are pillaged by intrepid avarice, re- 
venge embraces the moment and selects the victim; while 
vengeance frequently overtakes the assassin or ravisher in the 
consummation of his crime.’’ 

Mezaray (quoted by Papon, I, 123) says that war needs to 
be classed with the plague: ‘‘At all times it was a strange 
thing that neither the scourge of war nor that of the pest is 
able to correct our nation. The dances, the pomps, the games 
and the tourneys continued always; the French danced, so to 
speak, on the graves of their parents; they seemed to testify of 
their rejoicing over the conflagration of their house and of the 
death of their friends.’’ 

Returning to the Black Death, Villani says that among 
the effects on the survivors of the plague in Florence may 
be mentioned idleness, dissolute morals, sins of gluttony, 
banquets in taverns, unbridled luxury, fickleness in dress, 
and constant change according to whim. He also says 
that Christian parents deserted their children in a way that 
might perhaps be expected of infidels and savages. 

In speaking of the Justinian plague, Procopius says that 
whether by chance or providential design, it strictly spared 
the most wicked. This statement is important in that it 
shows the general state of morality, but it is false in so far 
as it intimates that the wicked who were spared constituted 
the wicked half of mankind before the plague, and that the 
good half died; 7. ¢., this view overlooks the part played by 
the plague in bringing about the bad moral condition spoken 
of. Another writer speaks of it as being ‘‘a well ascertained 
fact, strange though it may seem, that men are not made bet- 
ter by great and universal visitations of Divine Providence. It 
has been noticed that this is the evident result of all such 
scourges. From Italy to England, it seemed to rouse the 
worst passions of the human heart, and to dull the spiritual 
sense of the soul’’ (40:216). 
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Wadding, the Franciscan annalist, says: ‘“This evil wrought 
great destruction to the holy houses of religion. ... From 
this time on, the monastic order began to grow tepid and neg- 
ligent both in that piety and learning in which they had up to 
that time flourished’ (40:216). Dr. Cunningham (I, 275) 
adds that the whole social structure was disorganized. Tour- 
nay, was not alone in having unmarried men and women live 
together as man and wife. So flagrant did this practice be- 
come in one or two places where the moral sense was not 
wholly lost, special laws were passed to prevent it (40:51). 
Langland, whose ‘‘Piers Plowman’’ was intended to correct 
the wickedness which followed the Black Death in Engiand, 
speaks of this same species of immorality in his country. 

We learn from Thucydides (III, 53), that the calamity was 
such at Athens that men grew reckless of all law, human and 
divine, for no punishment was feared; no fear of God or law 
of man deterred a criminal. The pleasure of the moment took 
the place of honor and expediency. Men resolved to enjoy 
themselves while they lived; they were bold in their indul- 
gence in crime; and, as we might expect, worse forms of law- 
lessness were introduced into Athens than had been known 
there before. 

Papon (I, 257) uses the following language: ‘‘Who would 
think that in the midst of horrors, so suitable, it would seem, 
for extinguishing the passions, there should be found two pas- 
sions which should be carried to so high a degree,—libertinism 
and greed. Libertinism, aroused by the frequent occasions of 
satisfying it, fed itself by the excess which I am ashamed to 
describe.’’ The streets were often the scene of the most re- 
volting indecency and wickedness. Indeed it is said that 
pedestrians sometimes found it difficult to walk the streets at 
night in some cities, for, aside from the obstruction offered by 
the corpses scattered here and there, the street was used for 
unholy purposes by shameless libertines.’ 

Dr. P. Russel, who studied the effects of the plague at first 
hand in Italy, says (I, 311) this in regard to Genoa: ‘‘Amid 
so many dreadful fears and terrors, amid so many fetid and 
putrefying bodies, amid the shrieks, the sighs and the groans 
of the sick, what would you have expected? That people 
struck with dread and horror would remain sad, modest and 
quiet. But not so. They sang, played on instruments, 
danced ;—Genoa was never seen so shameless and disorderly. 


1] am informed by eye-witnesses that scenes like this occurred in 
Galveston during the flood in 1900, and that hold-ups and robbery 
were so common, so daring, and so openly engaged in, it became ne- 
cessary for the guards to shoot down the offenders. One of Nevada’s 
mining towns was having a similar experience when the above was 
written. 
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7 There was gathered a vintage for the lasciviousness. 
Many marriages were celebrated in the lazarettos; and many 
women, without shedding a tear for their husbands, immedi- 
ately entered into new engagements.’ One day in particular 
five marriages were performed—four of the bridegrooms being 
buriers of the dead, dressed in the clothes stripped from the 
bodies of the deceased.’’ And in regard to Messina at a later 
date, he quotes an Italian authority: ‘‘ It has always been ob- 
served that after every plague, those who recover are addicted 
in an extraordinary degree to lewdness and incontinence ;— 
this was surprisingly visible at Messina, and was carried to 
such a degree of frenzy that many were known to violate the 
dead bodies of virgins’’ (loc. cit. ). 

Bulwer is not far wrong in saying that ‘‘ the fiery pestilence 
was like a demon loosed from the abyss, to shiver into atoms 
all that binds the world to virtue and to law.”’ 

The following extract from Haeser (II, 144f.). will show 
the opinion of a modern German writer who is the author of 
an exhaustive history of medicine, and who has, therefore, 
thoroughly canvassed the whole field, and sifted all the evidence: 
‘*A view of the moral condition is most depressing. It shows 
that even the greatest misfortune cannot turn the mind of 
men from the nothingness of the earthly, and fill it with the 
conception of a higher destiny. The loss in the moral realm 
was even greater than in the physical. Hardly had the terror 
of the Black Death swept over the people before all their lower 
passions broke forth more unbridled; and the more easily 
could they be satisfied through the rich inheritance of the too 
soon forgotten offering of the contagion. It seemed that the 
fearful proximity of death had only heightened their enjoy- 
ment and pleasure in life. The meanest sordidness took 
possession of men. . . . . Crime exalted its head above 
shame, for no man was there to take the laws in hand. Theft 
and robbery took the upper hand, and even the evident danger 
of death did not frighten the unbridled gain-seeker away from 
taking possession of the unguarded property of the dead. 
Even the church was guilty here and there.’’ From the testi- 
mony of all these authors who have brought forward this 
array of facts in regard to the prevailing indifference, levity, 
frivolity and crime, accompanying pestilences, one is ready to 
conclude that there was an almost universal adoption of the 
fool’s motto, ‘‘ Eat, drink and be merry, for to-morrow you 
may die.’’ 


1 Papon (I, 324) says that women were married within twenty-four 
hours from the death of their husbands; that sometimes they mar- 
ried four or five times in close succession,—they seemed to have a 
penchant for matrimony. 
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The striking similarity in these different accounts is really 
the best proof of their trustworthiness. When simple annalists 
of remote cloisters, business-like or courtly chroniclers of im- 
portant cities, poets and /itterateurs like Boccaccio and Petrarch, 
physicians like de Chualiac and Covino, and writers who are 
entitled to rank as historians, all show such similarity of ex- 
pression, it is only becanse, as Gasquet says (p. 16), ‘‘the 
same ideas, the same words suggest themselves involuntarily 
to one and all; and it is only when we come to examine the 
whole body of evidence that there is borne in upon the mind a 
realization of the nature of a calamity which, spreading every- 
where, was everywhere the same in its horrors, becoming thus 
nothing less than a world-wide tragedy, and it is seen that 
even the phrases of the rhetorician can do no more than rise 
to the terrible reality of fact.’’ 


Any account of the Black Death which aims to present the 
facts which are interesting from the psychological point of 
view, would be incomplete if it omitted certain of the super- 
stitions connected more or less directly with the plague. The 
superstition which involved the Jews is one of these, and one, 


too, which, because of its consequence, should be given in con- 
nection with the facts which have just been described. 

It was generally believed that the plague was disseminated 
by means of poisonous powders or unctions, and the popular 
hatred of the Jews led to the accusation of that people. They 
were supposed to have manufactured a poison from spiders, 
toads, bats and owls '—somewhat like that the witches brewed 
in Macbeth—and to have put it into wells and springs. The 
panic which this belief caused, is said to have seized all na- 
tions; in Germany it was especially great, and resulted in the 
wells and springs being built over so as to make it impossible 
for the water to be used. Thus whole towns were forced to 
use river water or rain water as long as the craze lasted 
(49:42). 

The feeling against the Jews for this supposed poisoning be- 
came very intense, and showed to what extent even sensible 
people can be carried by a popular wave of irrational excite- 
ment. Germany seems to have been the scene of the most 
diabolical treatment of these people, though there were few 
places where they were not regarded as outlaws, and either 
banished or burned (97:II, 608).: All classes bound themselves 
by an oath to extirpate the Jews by fire and sword (49:42). 
In Basle, the populace forced the burgomasters and senators to 
bind themselves by an oath to burn all Jews then in the city, 


1 Cf. Hecker, 40; Gasquet, 41; Haeser, II, 156. 
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and to forbid any of that nationality from entering it for the 
space of two hundred years. So without sentence or trial, all 
the Jews in Basle were collected into a wooden building and 
burnt together with it (/oc. cit.). Shortly after, the same thing 
happened at Freyburg, and Bennefeld in Alsace (/oc. cit.). At 
Spires the Jews assembled in their own dwellings and set fire 
to them, and thus consumed themselves and families, preferring 
to die by their own hands rather than furnish a holiday for this 
savage multitude. The senate reserved to itself the right to 
search for treasure in the ruins. Many Jews were murdered in 
the streets and their bodies put into empty wine casks and 
rolled into the Rhine (49:43). When these wild passions were 
linked with religious fanaticism, such as we shall see later in 
the Flagellants, we find the most damnable practices. Some 
thought they could appease the wrath of an offended God by 
converting the Jews, and they set about the task with a zeal 
that knew no bounds. The Mohammedans could never have 
been more radical, unreasonable or cruel than these so-called 
Christians. At the point of the sword many Jews pretended to 
be converted, but later, some of them, preferring death to a 
living lie, slew themselves. Finally there arose a desire—a 
zeal, on the part of the Jews, to die as martyrs (49:44),— 
a fact that is interesting from our point of view. At Eslingen, 
the whole Jewish community shut themselves up in their syna- 
gogue, and set fire to it (44:II, 157). At Mayence, a conflict 
between the Jews and a body of religious fanatics (of whom we 
shall learn presently) resulted in the death of twelve hundred 
Jews, most of whom burned themselves in their own houses 
(49:44; 44:II, 157). The same thing took place at Munich, 
Constance, Ulm, Augsburg and other places (1:422; 44: II, 
157). When the Jews were burned for rejecting Christianity, 
it was not unusual for a mother to throw her infant into the 
flames, rather than see it baptized, and then leap in after it 
(49:44; 44:II, 158). 

Thus on both sides we see what may be called mental aber- 
ration, on a scale never seen before or since, in the history of 
the world. But it would be unjust to those times not to men- 
tion the fact that there was some humanitarian spirit left, es- 
pecially, it would seem, among those in authority. The depu- 
ties of Strasburg voted against the punishment of the Jews, in 
the convention at Bennefeld. Pope Clement VI, protected the 
Jews at Avignon, and admonished Christians everywhere to 
quit such groundless persecutions,—but all in vain. Emperor 
Charles IV did what he dared, to protect them, but he could 
not prevent the Bohemian nobles from releasing themselves 
from their Jewish creditors; in some places the authorities even 
forced the Jews to return the bonds they held against others 
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(49:45; 44:II, 159). The Duke of Austria pillaged and 
burned many of his own cities that had been guilty of perse- 
cuting the Jews (49:45),—but this was a strange way to 
show a humanitarian spirit; probably it furnished him a pre- 
text to gather wealth for himself. Notwithstanding the good 
intentions manifested in their behalf, the Jews could have but 
little assurance of safety except in distant parts of Europe; 
thus Lithuania became for the second time a place of refuge for 
them (49: 46; 58: 1929). 

Before leaving the Jews we should notice one thing particu- 
larly, z. ¢., that confessions were wade by many who were in- 
nocent.’ Similar confessions have often been extorted from 
witches, or even made by them voluntarily, and that, too, 
when escape from punishment could not be hoped for as a re- 
sult of confession. The same thing is met again in lycan- 
throphy; and, indeed, as has been remarked, it is unusual for 
very many to believe for any length of time that something ex- 
traordinary is being done without some one coming forward 
who believes himself guilty. 

Another superstition which brought serious results in an en- 
tirely different way, was the belief that a religious procession ” 
would be the means of staying the plague, whereas no more 
efficacious means could possibly be devised for its spread. In 
Milan, Avignon, and practically all the cities from Italy to 
England, elaborate and quite spectacular processions, in which 
thousands took part, were of common occurrence during the 
Black Death, and other visits of the plague; indeed, the cus- 
tom did not end with the Middle Ages,—it is practiced to-day 
in India, and the Philippine Islands, and probably in other 
places. At Oberammergau, the people resorted not to a reli- 
gious procession but toa religious play,—they made a vow that 
if God would stay the pestilence, they would honor Him by 


1The confession of a number of Jews at Chillon, September, 1348, 
caused the persecution of their race to be much greater than it would 
probably have been. Konigshoven has preserved the original pro- 
ceedings of this trial, extracts of which are given in the appendix to 
Hecker. 

2The simplicity and superstition of even the higher classes as late 
as 1475 is well shown by the fact recorded by Rydberg (90:362) that 
the bishop of Lausanne issued a letter of excommunication to the in- 
sects which were infesting parts of Switzerland. The letter began 
thus: ‘‘Thou irrational creature, thou May-bug, thou whose kind was 
never inclosed in Noah’s ark; in the name of the Bishop of Lausanne, 
by the power of the glorified Trinity through the merits of Jesus 
Christ, and by the obedience you owe the Holy Church, I command 
you to depart from all places where nourishment for man and cattle 
germinates and grows.’’ They were, moreover, summoned to trial 
and an attorney duly appointed to defend them, the summons being 
solemnly read by a priest in the churchyard at Berne (doc. cit.). 
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producing this play once every ten years forever,—and so we 
have had the Passion Play through all the succeeding centuries. 

Not only is it believed that the plague was spread and the 
mortality increased by superstitions that led to processions, 
and by superstitions such as those that prevail in India to-day, 
and thwart every effort of the English government to stamp 
out the plague; it is confidently believed that the popular state 
of mind had a direct effect on the death-list. In the introduc- 
tion to the Decameron, Boccaccio, recognizing the principle 
that ‘‘pleasant thoughts are the best preventive,’’ represents a 
group of persons as withdrawing to a quiet place in the coun- 
try, and giving themselves up wholly to pleasure. All inno- 
cent sports and amusements were sought, but no one was 
permitted, under any circumstances, to bring any bad news, 
or mention anything of an unpleasant nature. The duty of 
devising new plans for passing the time pleasantly fell, each 
day, to a ‘‘queen’’ appointed for that special purpose. Story- 
telling was suggested by one,—and the Decameron was the re- 
sult. Bulwer, following Boccaccio, has a crowd of pleasure 
seekers in his ‘‘Rienzi.’’ And this was not merely a novelist’s 
fancy—there was an historical basis for what both writers do. 
Pleasure parties were actually organized. About the time the 
Flagellants were so active companies were organized, or rath- 
er the members came together without any organization, and 
marched from city to city, engaging in the wildest revels. As 
bad as these people were, they were often taken for the Flagel- 
lants (who, as we shall see, were an avowedly religious body), 
so much alike were their nocturnal debauches. There were 
some, who, avoiding this excess, chose a middle course, and 
followed literally Assilini’s advice (p. 93): ‘‘Banish melan- 
choly and fear, live well, and avoid all excess; if you read, 
choose amusing books,—not those that treat of the plague.’’ 
This calls to mind the law passed in some cities, forbidding 
the publication of the death list because of the depressing effect 
on the sick; and also the law against funeral bells, for the 
same reason, at Tournay, Florence and other places (40:52; 
49:26). Papon believed in the power of the mind over the 
body, for in various places he expresses the opinion that ‘‘the 


1 The history of the ‘‘Marienlied’’ is recalled in this connection. 
When Goldberg, Germany, was apparently bereft of all its inhabitants, 
one man came forth from his hiding place, and believing himself to 
be the only one spared began to sing the famous song. A responsive 
voice from a near-by house revealed a second survivor; together the 
two marched through the streets of the dead city singing, and were 
joined by others till they numbered twenty-five—all that were left alive. 
It was Christmas morning, and the hour was two o’clock; at the same 
hour every Christmas morning since that time, the people have 
marched through the streets of that town singing the ‘‘Marienlied.”’ 
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solicitude, the abandon, the lack of all things produced dis- 
eases without number’’ (73:181, 312). Thucydides says that 
‘people who abandoned themselves to despair threw away the 
one chance of life’’ (III, 47 f.). All this harmonizes with 
the remark of Assalini, Papon and others, that persons of 
sanguine temperament resisted well (6:31). The influence of 
the mind is further shown in the statement of Gasquet (p. 47) 
that sickness and death often result from the imagination. 
Furthermore, fear played an important part in augmenting the 
death roll,’ so most writers on the subject believe (49:277; 40: 
11,47). Dr. P. Russel, during his stay in Italy, became 
thoroughly convinced that ‘‘the plague often followed the 
panic fear of it;’’ he believed that the latent infection was ex- 
cited by terror (106:262). Antes (pp. 44-6) accounts for the 
greater mortality among the lower classes by their greater 
superstition. Rivinus attributes the propagation of the plague 
in Leipzig to fear; Willis maintains that those who fear small- 
pox are the first to be attacked; Chiene says it is the same 
with all epidemics, and Dr. Rogers agrees with this when he 
says that fear has much to do with the spread of all contagious 
diseases (52:14). Dr. Quintero, who was a hospital physician 
in the Canary Islands, says (pp. 14f.) that fear made the epi- 
demic of yellow fever much worse; he adds that his imagina- 
tion got such control over him that he showed the symptoms 
of the disease, and had to be removed from the midst of the 
sufferers. A modern medical authority, Dr. C. L. Tuckey, 
writing on psycho-therapeutics (Wood’s Medical and Surgical 
Monographs VIII, p. 728), says there are fear-begotten 
diseases of almost all kinds, among which he specifies measles, 
cholera, and plague. Sir F. A. Swettenham, in the preface 
(p. viii) to his recent book, ‘‘The Real Malay,’’ tells of a 
medicine man selling ‘‘charms’’ to the natives to prevent the 
epidemic. To use his own words, ‘‘The Black Death has a way 
of attacking the fearful; but the Destroying Angel passes by 
the door of those who sleep in the happy confidence of security 
through the possession of a bit of magic string.’’* The com- 
parative immunity of the Mussulmans (remarked by Dr. 
McLean, who lived among them) cannot be accounted for ex- 
cept on the basis of the influence of the mind on the body; 
their fatalism, although it keeps them from all precaution, 
frees them from fear and terror and low spirits. Personal in- 
formation from Profs. G. T. Ladd and E. Washburn Hopkins, 


1 De Foe says that in London, in 1665, twenty-three deaths were re- 
ported as caused by fear; sixteen in 1666, and seven in 1667—one death 
being the average for ordinary years. 

2A similar explanation might be given of the sprinkling of blood 
on the lintels and door-posts during the last of the plagues of Egypt. 
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both of whom have recently studied the plague at first-hand 
in India, confirms this position. And not only are fatalists 
less likely to be attacked by the plague, the same is true of 
those who for any reason consider themselves immune, as in 
the case of the Parsees, who, according to Prof. Hopkins, were 
among the last to take the plague, but who died very rapidly 
when they did take it, for they became convinced that they 
were not immune, and naturally their equanimity gave way to 
fear and terror. In the palace at Versailles is a picture repre- 
senting Napoleon visiting plague patients in a hospital in 
Egypt; and we are told that the great general went among the 
sick in order to prove that a strong will could resist the di- 
sease (111:126). 

In brief, we have seen that melancholy and fear are the two 
ominous precursors of the plague; we have seen that the consen- 
sus of opinion, the universal agreement of physicians and other 
scientific men who have had personal knowledge, is that fear 
prepares the way for pestilences and epidemics of all kinds, 
while on the other hand, fatalism (which knows no fear) 
makes the Mohammedans comparatively immune. 

In regard to this question the position has been taken that 
we know nothing of the relation of mind and body, and that 
facts such as those given here, although they may prove the 
coincidence or concomitauce of great fear and great mortality, 
cannot prove the causal connection between mind and body, 
since fear is probably a symptom rather than a cause. 

The objections to this criticism are (1) that it fails to dis- 
prove the theory it is aimed at; (2) that it is superficial; (3) 
it is self contradictory; and (4) it is otherwise unscientific. It 
fails to disprove, for it is certainly no simpler to assume that 
fear is produced by disease than to assume that disease is 
caused by fear. It is superficial to assume that fear in those 
who have the plague is caused by infection when the fear mani- 
fested by the thousands who escape the disease must be ac- 
counted for in a wholly different way. A theory that rejects 
the interaction of mind and body (by denying the causal power 
of fear) contradicts itself when it assumes that fear is a symp- 
tom or effect of the disease. Such a theory is further unscientific 
in violating the law of parsimony, which forbids the adoption 
of a more difficult explanation when a simpler one is possible. 
And no other theory will so simply and satisfactorily account 
for the facts met with in a study of pestilences, as will the 
theory that there is causal connection between mind and body, 
and that there is a causal power or force in fear. 


II. THe FLAGELLANTS. 


The history of the Flagellants is closely connected with the 
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history of the plague, as will be remembered from their taking 
part in the persecution of the Jews, and as will be seen from 
what follows; but as we are going to study a class of distinct- 
ively psychical epidemics, the craze of the Flagellants may be 
included among them, rather than as a part of the history of 
the plague. 

The Flagellants were people with avowedly religious inten- 
tions, who sought to avert the plague by doing penance them- 
selves, and by bringing others to repentance. A band of this 
kind came together in Hungary in 1349, while the Black Death 
was devastating Europe; later they found their way into Swit- 
zerland, Germany, Poland and several other countries (49: 34 ff. ; 
44: II, 152ff.; 97:11, 607-8). 

It is true, such an order had existed in the thirteenth cen- 
tury; it first began in Italy in 1260 and spread almost over the 
world, during that year and the next (49:36f.; 44:II, 152 ff.). 
The purpose of this was to arouse humility and penitence. 
While in externals this was much like the one in 1349, the 
latter is more interesting from our point of view, for two rea- 
sons. First, without doubt the general state of mind in Europe 
as a result of the terrible ravages of the Black Death, had much 
to do with the organization of the Flagellants, and even more 
in making it a psychologically interesting affair; in the second 
place, the reaction on the mind brought about by the actions 
of the Flagellants seems to have been greater, and, as Haeser 
says, the mental disturbance was far more significant in 1349 
than in 1261 (44:II, 152). Hence we shall confine our atten- 
tion to the case in which the plague figures. 

Those who first took part were mainly of the lower classes. 
The sincerity of most of them is not questioned; they are said 
to have been ‘‘seized with a deep sense of contrition, and so 
resolved to forsake their vices and make restitution for past 
offenses’’ (49:34). There were doubtless others who ‘‘joy- 
fully availed themselves of this pretext for idleness, and were 
hurried along with the tide of distracting frenzy’’ (doc. cit.). 
Later, others from the higher classes joined the brotherhood,— 
even nobles and ecclesiastics and nuns, also other women of 
high repute, and even children. They marched in an orderly 
manner from city to city, singing as they went, their heads 
covered to the eyes, and their gaze fixed upon the ground; they 
wore a red cross on their breast, cap, and back. In their 
hands they carried scourges, on the order of the cat o’nine 
tails, knotted in several places, and pointed with iron (49:34). 
In front of the procession, banners and tapers were borne. 
Wherever they went they received the warmest welcome; bells 
were rung to celebrate their arrival; people flocked from all 
quarters to listen to their singing and witness their penance. 
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Their daily programme, as given by Hecker (p. 376), was as 
follows: ‘‘ Penance was performed twice every day. Morning 
and evening they went abroad in pairs, singing psalms amid 
the ringing of bells; and when they arrived at the place of 
flagellation they stripped the upper part of their bodies and 
put off their shoes, keeping on only a linen dress reaching from 
the waist to the ankles. They then lay down in a large circle, 
in different positions, according to the nature of their crime, 

and were then castigated, some more and some less, 
by their masters, who ordered them to rise, in the words of the 
prescribed form. Upon this, they scourged themselves, amid 
the singing of psalms and loud supplications for the averting 
of the plague.’’ 

The band that entered Strasburg was two hundred strong; 
but when it left it numbered over a thousand, so many recruits 
had it received (49:34f.). It is said to have grown almost to 
the proportions of a tribe; and for several months new crowds 
arrived daily to join it. At Spires two hundred boys, not over 
twelve years old, organized themselves into a band of Flagel- 
lants, and wandered around like those who took part in the 
children’s crusade a century before (49:35). All the inhabi- 
tants of this town were carried away with excitement. They 
invited the boys to their homes, and showed them every possi- 
ble attention. With every pilgrimage the reputation of the 
juvenile Flagellauts increased. The reputation of the bands 
of adults, on the other hand, became bad; while they engaged 
in religious exercises during the day, the night was given up 
to the wildest orgies. When this was found out they were no 
longer received with kindness (49:38 f.). 

But whatever may be said of them toward the end, they 
showed every sign of seriousness at the beginning, ‘ 
they had strict regulations that could not be violated except 
under penalty of the lash; each one must provide himself with 
a certain amount of money, in order not to be burdensome to 
the people, and no one must seek free entertainment or even 
enter a house uninvited. And all conversation even, between 
those of opposite sex, was forbidden. But, unfortunately, 
these rules were not lived up to very long; degeneracy soon 
crept in and all sorts of crimes were committed. When they 
became unscrupulous, and realized the power that numbers 
gave them, they became a real menace to civil and religious 
authority. Especially strong was the antagonism between 
them and the church. ‘‘ They gained more credit,’’ says 
Hecker (p. 38), ‘‘than the priests, from whom they so entirely 
withdrew themselves that they even absolved one another; 
besides, they everywhere took possession of the churches.’’ 
They claimed to heal the sick by supernatural power, and to 
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work miracles in other ways. In one of their meetings a 
letter was read which purported to have been written by an 
angel, urging them to penitence, and promising Christ’s bless- 
ing to all who would scourge themselves and wander for 
thirty-four days (49:38).’ 

While the vow demanded of those joining at first, obligated 
them for only tairty-four days—the number mentioned in the 
‘*angel’s letter,’’—the plan was finally made to form a com- 
pact for thirty-four years (49:38), probably with the aim, on 
the part of the leaders, of forming a permanent league against 
the church. But the prompt and vigorous action of Emperor 
Charles IV, and Pope Clement prevented the carrying out of 
the scheme (49:38; 97: II, 608; 44:II. 157). 

The tide had completely turned; the Flagellants had over- 
reached themselves and had brought condemnation on their 
own heads. They were driven from every place they attempted 
to enter, and were hounded with bitter persecutions, as if they 
had been the cause of every misfortune. One of their masters 
was publicly burned. The Pope interdicted their public pen- 
ance, and forbade the continuance of their pilgrimages, on pain 
of excommunication (49:39, 40). 

It is evident, says Hecker, that the gloomy fanaticism which 


gave rise to these pilgrimages and processions of the Flagel- 
lants would infuse new poison into the already desponding 
minds of the people. They were carried into that ‘‘ barbarous 
enthusiasm’’ which made that horrible persecution of the Jews 
possible. ? 


III. THE DANcING MANIA. 


In the last half of the fourteenth century, which we have 
already found to be so prolific of strange maladies, the dancing 
mania, one of the most interesting epidemics in the history of 
the world, broke out in Germany and the Netherlands, and 
continued for more than two centuries (49:87; 97: II, 605 f.; 
44:II, 172). It assumed different forms in different localities 
and different centuries, and so is not always known by this 
same name. For our purpose, no distinction need be made 


1 Haeser (II, 153) thinks this letter incident was connected with the 
Flagellants in 126r. 

2 Flagellants were found in Abyssinia in 1820 (49:137); and the same 
year a procession passed through the streets of Lisbon (69:936). 
Indeed, they are to be found (under the name of Penitents) among 
the Latin races at the present time. Ina number of Mexican towns 
they appear quite frequently in processions, inflicting the severest 
punishment on themselves and on one another, even going through 
the form of crucifixion, but stopping just short of death (69 :936). 
Flagellation is practiced by certain Russian sects to-day, and Stoll 
(p. 375 f.) says it is also to be met with among the Mohammedans. 
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between St. Vitus’s dance and St. John’s dance. In the fol- 
lowing account some of the facts relate to one and some to the 
other. 

In 1374. bands of men and women appeared in the streets 
of Aix-la-Chapelle, who were ‘‘united by one common delu- 
sion.’’ Hecker (p. 87) gives the following description of their 
actions: ‘‘ They formed circles hand in hand, and appearing to 
have lost all control over their senses, continued dancing, re- 
gardless of the bystanders, for hours together, in wild delirium, 
until at length they fell to the ground in a state of exhaustion. 
They then complained of extreme oppression, and groaned as 
if in the agonies of death, until they were swathed in clothes 
bound tightly round their waists, upon which they again 
recovered and remained free from complaint until the next 
attack. This practice of swathing was resorted to on account 
of the tympany which followed these spasmodic ravings, but 
the bystanders frequently relieved patients in a less artificial 
manner, by thumping and tramping upon the parts affected. 
While dancing, they neither saw nor heard, being insensible 
to external impressions through the senses, but were haunted 
by visions, their fancies conjuring up spirits whose names they 
shrieked out; and some of them afterward asserted that they 
felt as if they were immersed in a stream of blood, which 
caused them to leapso high.’ Others saw the heavens open 
and the Saviour enthroned with the Virgin Mary, according as 
the religious notions of the age were strangely and variously 
reflected in their imaginations.’’ Indeed, we are told that 
many of the dancers so completely lost their senses as not to 
be able to take care of themselves; in the extravagance of 
their actions some ran against buildings or other objects and 
killed themselves; others rushed into rivers and were drowned 
(49 :130 f.). 

The dancers were greatly affected by music; the magistrates 
in some places took advantage of this fact, and hired musicians 
to play for them in order that the dancers in trying to keep 
time to the lively tunes which were played might be exhausted 
more quickly; the same end was sometimes sought by hiring 
athletes to go in among them (49:91, 104). This extreme 
exhaustion of the body usually allayed the excitement of their 
disordered nerves, and calmed their minds.* The point of ex- 


1 Many, knowing what convulsions they would be subject to, took 
the precaution to hire confidential attendants to see that they were 
not guilty of any impropriety (49 :105). 

2When one felt an impulse to dance, the best thing to do was to let 
him dance; but relief was sometimes secured in other ways. One 
plan was to dash cold water on the patient, or better, plunge him into 
a pool or a stream,—a plan practiced by Paracelsus; another plan was 
to scourge the patient. 
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haustion was very difficult to reach in many cases; some could 
dance for several days, almost without ceasing, and it is re- 
ported of one woman that an entire month was required for 
her to find relief (49:104). The endurance of these dancers is 
almost incredible; that they were able to go to such extremes 
of violent action without serious injuries if not some fatalities, 
seems remarkable. But sufferers from this malady could do 
with impunity what would be impossible for one in the normal 
condition. This extraordinary power was attributed by some 
to the evil one, and the mania was called the ‘‘demoniacal 
disease’ (49:88 ff.; 44:II, 175; 97:II, 605). There were some 
cases of permanent injury and loss of mind. 

Although the mania began in Germany it soon spread over 
the Netherlands. In Liege, Utrecht, Tongres and other cities 
in Belgium, bands of dancers appeared. Often they decked 
themselves with flowers; and usually they wore a girdle so 
that a bystander, by inserting a stick and twisting, might re- 
lieve tympany when the paroxysm was over (49:89). 

‘‘Wherever the dancers appeared, the people assembled in 
crowds to gratify their curiosity with the frightful spectacle.’’ 
Many of these spectators who had come out of curiosity and 
for amusement, fell under the spell, and entered the ring of 
dancers,—reminding one of those in the ‘‘Deserted Village,”’ 
who ‘‘came to scoff, but remained to pray.’’ Besides this 
curious crowd, there were many parents anxiously seeking 
their children, and friends seeking friends who might be in the 
‘‘misguided multitude’’ (49:89). 

As in the case of the Flagellants the number of these dan- 
cers increased to an alarming extent. As a rule when they 
entered a town or village, they took possession of the 
churches and other religious houses (49:89; 97:II, 606); and 
again, as in the case of the Flagellants, they were received with 
great kindness; processions were held in their behalf; also 
masses were said and songs were sung, with the hope that the 
influence of the evil one might be removed by these means. 
Some of the priests even tried exorcism, for their own influence 
seemed to be menaced, and even their destruction seemed to 
be threatened by the increasing number of those ‘‘possessed,’’ 
since they constantly breathed out imprecations against the 
priests (49:90). Furthermore, the public generally feared 
these fanatics, who were easily excited by the most trivial 
things. For example, they showed such dislike to pointed- 
toed shoes, which had recently come into fashion, that it was 
deemed advisable by the authorities to issue an ordinance that 
no one should wear any but shoes with square toes (49:89). 
But even to a greater extent were they irritated by the sight 
of anything red (49:89; 44:II,175); indeed they acted like 
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infuriated animals under these circumstances. Some were 
thrown into a state of excitement by the sight of any one 
weeping (49:90). 

We find this disease raging quite severely in Metz and 
Cologne some time after its appearance at Aix-la-Chapelle 
(44:II, 172; 49:90). At Cologne there were about five hun- 
dred dancers, and at Metz more than a thousand. Hecker 
(p. 90) gives the following description of what occurred at 
these places: ‘‘Peasants left their ploughs, mechanics, their 
workshops, housewives, their domestic duties, to join the wild 
revels, and this rich commercial city became the scene of the 
most ruinous disorder. Secret desires were excited, and but 
too often found occasion for wild enjoyment; and numerous 
beggars, stimulated by vice and misery, availed themselves of 
this new complaint to gain a temporary livelihood. Girls and 
boys quitted their parents, and servants their masters, to amuse 
themselves at the dances of the possessed, and greedily im- 
bibed the poison of mental infection. Above a hundred un- 
married women were seen roving about in consecrated and 
unconsecrated places, and the cOnsequences were soon per- 
ceived.’’ 

It is not strange that in times of such demoralization there 
were many who determined to profit by the condition of affairs. 
Some, seeing how well the roving bands of dancers were cared 
for, shrewdly conceived the idea of pretending to be possessed; 
and, practicing till they could imitate the dancers perfectly in 
their gestures and even in their convulsions, they began their 
wanderings, and for months they succeeded in practicing their 
impostures (49:91). 

There is something psychologically interesting in the way 
the names of St. John and St. Vitus became connected with 
this form of the disease. As far back as the fourth century 
John the Baptist’s day was observed. To the original customs, 
which were said to be strange and rude enough, relics of hea- 
thenism were superadded; bacchanalian dances became a part 
of the celebration (49:94). It is thought that the wild revels 
of St. John’s dance in 1374, gave rise to the dancing mania, 
for the crowd that appeared at Aix-la-Chapelle continually 
called upon St. John’s name (49:96). It may seem impossible 
that a festival could bring about so serious a consequence; but 
it must be remembered that the effect was cumulative—it held 
over from year to year. And besides, it is probable that other 
factors entered in, and that this was a culmination of a series 
of events, the product of a variety of causes. Neglecting for 
the time the reign of superstition in the preceding years and 
even centuries, we find certain facts which immediately pre- 
ceded this breaking out, and which probably had some influ- 
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ence. Great parts of Germany knew no such thing as law; 
the barons were waging constant warfare on one another; there 
was no security of property, and even life was not safe; corrup- 
tion of morals was the rule; the hatred and persecution of the 
Jews knew no bounds; besides, the masses of the Germans 
themselves were, as we might infer from the facts already be- 
fore us, wretched and oppressed; add to this two other facts, 
(1) that the Rhine and the Maine had overflowed their banks 
and wrought immense damage, increasing the misery and dis- 
tress to which the inhabitants had already been reduced; and 
(2) that the consciences of many were tormented with the 
recollection of crimes which they had committed during the 
prevalence of the Black Death,—tormented to such an extent 
that, as Hecker says (p. 96), ‘‘their despair sought relief in 
the intoxication of an artificial delirium,’’—and then we can 
understand how the celebration of St. John’s day could ‘‘bring 
to a crisis a malady that had been long impending.’’ 

Haeser, who agrees in the main with Hecker, goes a step 
further in trying to account for the breaking out of the mania 
in Germany. It is his opinion that the interdict of Pope John 
XXII, on the Emperor Ludwig (by which the churches were 
closed, by which also they were denied absolution and the 
benediction at death, ) stirred the sensitive minds of the people, 
and was thus an added factor in precipitating the trouble 
(44:II, 174 ff.). 

St. Vitus is connected in a somewhat different way (49:93 f.). 
_He was a Sicilian youth who suffered martyrdom in the year 
303. In 836, when his body was transferred to a new burying 
ground, he was raised toa higher rank, and not unnaturally, 
his altars increased in number. People had recourse to these 
when in distress, and besought his aid as a powerful inter- 
cessor. It is claimed that the legend which connected his 
name with the dancing mania was invented in the fourteenth 
century. The report gained currency that, just before his 
death, St. Vitus prayed to God that he might protect from the 
dancing mania all those who should ‘‘solemnize the day of his 
commemoration;’’ the legend went on to say that his prayer 
was accepted, and that a voice from heaven made known to 
Vitus the fact of this acceptance. Thus St. Vitus became the 
patron saint of the dancers; and his name was applied to our 
modern disease because of its resemblance to the dancing mania 
of the Middle Ages. 

After the disease spent much of its force, after the regular 
pilgrimage of the dancers ceased, annual outbreaks occurred 
for some time. In these annual attacks a strong psychological 
effect is apparent. St. John’s festival, which was held in July, 
and St. Vitus’s day, June fifteenth, were looked forward to as 
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great events, and naturally so, in view of the history of the 
preceding centuries. All minds were centred on the festival 
long before it came off. For weeks beforehand people, espe- 
cially those who had suffered before, ‘‘felt a disquietude and 
restlessness which they could not overcome. They were de- 
jected, timid and anxious, wandered about in an unsettled 
state, being tormented with twitching pains which seized them 
suddenly in different parts’’ (49: 105). When St. John’s Day 
came and they danced at the altars of either St. John or St. 
Vitus, if for a few hours only, they received complete relief for 
the rest of the year,—or until the day for the festival drew 
near again. These occasional cases are met with as late as 
the end of the first quarter of the seventeenth century. The 
benefit that these and the dancers of the preceding centuries 
received, came not only from their exercise and the consequent 
exhaustion, but also from the simple belief that St. John and 
St. Vitus had power to help them. 

The dancing mania in Italy assumed a somewhat different 
form, hence, it is necessary to speak of it separately. It was 
called tarantism in that country because it was supposed to be 
caused by the bite of the tarantula. Much of our information 
comes from Perrotti, who was a lecturer on medicine and other 
sciences at Bologna about the middle of the fifteenth century 
(49 :110). Later writers agree with Perrotti as to the effects 
of the tarantula’s bite. Melancholy usually followed, and the 
victim’s senses were deadened to a considerable degree. In 
almost all cases, those who had been bitten were very suscepti- 
ble to the influence of music (49 :116); and wonld respond to 
a favorite tune by shouting, leaping and dancing until com- 
pletely exhausted, when they would sink to the earth almost 
lifeless. Some, however, could not be roused from their state 
of melancholy, but continued downcast; their misery and 
anxiety showed itself in weeping. Still others ‘‘fell morbidly 
in love.’’ Reports of such effects as these, from the bite of 
venomous serpents and insects, are to be met with at different 
times from the twelfth century on (49:113); and the uneasy 
state of mind, the fear, the dread, that took possession of the 
people, together with the effects of these mental factors, bring 
this disease within the field of our inquiry. 

There seemed to be no relief for the sufferers except that 
which music afforded (49:118). In a sense, music seemed to 
be the cause and also the cure, for one who was bitten could be 
roused from his state of melancholy to the wildest fits of danc- 
ing by musical instruments; and these fits could be relieved 
only by continuing the music till the dancer was completely 
exhausted. Hence it is not strange that ‘‘cities and villages 
alike resounded throughout the summer season with the notes 
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of fifes, clarinets and Turkish drums.’’ Hecker reports Alex- 
ander ab Alexandro and Matthioli both as giving very interest- 
ing examples of the effect of music. The former saw a young 
man seized with a violent attack of tarantism. When the drum 
sounded he began to dance, gradually increasing his quickness 
and violence until the dance became a succession of wild leaps; 
in the midst of this performance, the music stopped suddenly, 
and he fell senseless to the ground, and did not move again 
until the music started up, then he went through with the 
dance as he had done before (49: 116f.). 

Matthioli, who was also an eye-witness, speaks of similar 
cases. He says that ‘‘however tortured with pain, however 
hopeless of relief the patients appeared as they lay stretched on 
the couch of sickness, at the very first sound of those melodies 
that made an impression on them,—they sprang up as if in- 
spired with new life and spirit, and unmindful of their disorder, 
began to move in measured gestures, dancing for hours together 
without fatigue, until, covered with a kindly perspiration, they 
felt a salutary degree of lassitude, which relieved them for a 
time at least, perhaps even for a whole year, from their dejec- 
tion and oppressive feeling of general indisposition’’ (49:118). 
In this case, as in the former, the cessation of the music before 
complete exhaustion, had injurious effects. So important was 
it to have music to alleviate the sufferings of these miserable 
— musicians were employed for this special purpose 

49:118). 

As with St. John’s and St. Vitus’s dance, tarantism was 
worse in summer than at other times of the year; and also, as 
in the case of those diseases, as summer approached and the 
time for the annual dance drew nigh, those affected began to 
feel uneasy and restless. There were regular gathering places, 
where they met and danced off their madness. 

Many showed an abnormal fondness for water; some held 
glasses of water in their hand while they danced, or had large 
vessels standing near; in extreme cases persons are said to 
have been irresistibly attracted into rivers, and drowned, as in 
the dancing mania in Germany (49:120). The sufferers from 
tarantism abhorred certain colors, as did the dancers in the 
northern countries, but strangely enough they liked red, which 
was unbearable to the St. Vitus dancers. 

Not all kinds of music were equally efficacious. Experi- 
ments showed what style was best for the various forms of the 
disease, and composers made their music to suit the patients. 
A composition intended for the dancers was called a tarantella. 
A number of these tarantellas have come down to us. It is 
thought by some that music in Italy received quite an impetus 
in both composition and performance, as a result of the added 
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practice made necessary by this mania, in fact, the real begin- 
ning of the development of a musical talent among the Italians 
is referred by some to this period (49: 116) 

Many of the victims of tarantism had not been bitten by a 
tarantula at all, but, if they believed they had, the result was 
the same; and it was easy for a disordered imagination to 
transform a harmless insect into a tarantula. Besides, it is by 
no means certain that what they called a tarantula was really 
poisonous, but their belief that it was, and that it would lead 
to such terrible consequences, made possible such results as we 
have seen. 

Although this malady was found in Abyssinia as late as 
1825, it had long ceased to be epidemic in Europe, having 
reached its height in the seventeenth century. 

Even in its decline and disappearance, it is interesting from 
the psychological point of view, for it was undermined by cer- 
tain sceptics who considered it an imposture, and believed they 
had proved it to be such, by showing from experiments that 
the tarantula’s bite would not produce the results believed to 
be caused by it (49;132). When they convinced the people 
that the tarantula was not puisonous, the disease died out,—a 
fact which shows the influence of the mind in producing it. 
To deny the genuineness of tarantism is difficult, for an im- 
posture that could succeed for four hundred years would 
certainly be remarkable. 

Long before tarantism or St. Vitus’s dance, 7. ¢., in 1021, we 
find an account of a disease which bears a strong resemblance 
to that of the fourteenth century (44: II, 171; 49:98). But 
tradition has so colored this that we cannot be sure of the 
facts. ‘The story, as it comes down to us, is to the effect that 
a dozen or more persons, who had disturbed public worship, 
had a curse pronounced upon them by which they were con- 
demned to dance and scream for a whole year. At the end of 
this time, they fell into a three days’ sleep, and four of them 
died. Another version says that, at the end of their dance, 
they sank into the ground up to their knees, but this could 
easily have grown out of the statement that they sank to 
their knees. According to both versions, those who survived, 
suffered the rest of their lives from a trembling of their limbs. 
How much of this is true, or whether any of it is true, is not 
our question, and is not of importance to us;—what is of im- 
portance is the fact that this was believed; this belief fed the 
flame of superstition which had already a superabundance of 
fuel in those years. And again, in 1278 (44: II, 172; 49:97), 
a crowd of about two hundred assembled at Utrecht, and 
danced on the Mosel bridge while waiting, as one writer says, 
for the Host to be brought by; in the midst of their dance the 
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bridge broke and the dancers were all drowned. Previously 
to this, however, 7. ¢., in 1237 (40:97), more than a hundred 
children were seized with the dancing disease at Erfurt, and 
began a journey to Armstadt, dancing and jumping as they 
went. By the time they reached Armstadt, they were com- 
pletely exhausted; some of them died and some were affected 
with trembling to the end of their lives. What the immediate 
cause of this was, I have been unable to learn, but, in all 
probability, this is closely allied to the ‘‘children’s pilgrim- 
age,’’ which had taken place a short while before (in 1212), 
and of which religion was the inciting cause. 


IV. THE CHILDREN’S CRUSADES. 


Haeser quotes Hecker with approval to the effect that this 
pilgrimage, known as the children’s crusade, is as good an ex- 
ample as the dancing mania of the pathological condition of 
those who took part (44:II, 177). <A brief account of the cru- 
sade will incline one to accept this view as correct. 

The date has already been given as 1212, though some place 
it one year later (44:II, 177). Only a short time before this 
Constantinople fell into the hands of the crusaders (1204), and 
the people were in consequence wrought up to a high pitch of 
excitement. This had a great effect on the minds of the youth, 
for the mind is so impressionable at the period of adolescence; 
and as a result two crusades were undertaken, one in France, 
the other in Germany. The one in France was probably 
brought to a focus by the religious processions so common at 
that time. Immediately after one of these, a crowd of children 
got together under the leadership of a shepherd boy named 
Stephen, who ciaimed to be divinely directed. He gathered 
round him an army of thirty thousand, mainly boys and girls, 
but a few older persons, and started on the way to the holy 
land, waving flags, and singing songs. When they reached 
St. Denis the king tried to turn them back, but neither advice 
nor command availed. They marched to the Mediterranean 
and thence to Marseilles. Much enthusiasm was aroused by 
these children, and they were everywhere kindly received. 

At Marseilles they took ships for the East, but two of the 
ships foundered in a storm, near Sardinia, and all on board 
perished. In their memory the pope founded the ‘‘Church of 
the Innocents’’ near the place of the disaster. Most of those 
that were not drowned suffered a worse fate, for through the 
treachery of two merchants at Marseilles, who had offered to 
conduct them into Syria, they were carried to Alexandria and 
other places, and sold as slaves. Some of them died as mar- 
tyrs (44:II, 178). 

The German crowd got together at Cologne, at first without 
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a leader, but later they chose, or rather recognized as their 
leader, Nicholas, a shepherd boy of only ten or twelve years, 
who, it seems, had done much to rouse the excitement. This 
army, like the other, was made up mainly of boys and girls of 
the shepherd classes, but, as in the other case, there were some 
old men; and some of the sons of the nobles joined, taking with 
them their paramours. Many parents were unwilling to let 
their children go, but could prevent it only by force. Haeser 
states that many who were shut in closets, tied or otherwise 
confined at home, actually died of disappointment (44:II, 
179f.). 

As they journeyed over the Alps, toward the Adriatic, they 
suffered many hardships; some had joined their numbers in 
order to steal from the inexperienced; others, in order that 
under the cover of piety, they might have opportunity to 
gratify their baser passions; some died from over-exertion, some, 
of starvation, and others were frozen to death. Some of them 
reached Italy; the pope sent cardinals to meet them and turn 
them back, but only a few heeded his advice. They had to 
break up into smaller bands, in order to get enough food. 
Nicholas and a band of seven thousand reached Genoa. They 
were not allowed to remain there more than a week because it 
was feared that such a band of non-producers would reduce the 
town to want if allowed an indefinite stay (44:II, 180). Some 
of the young crusaders reached Rome; some, probably a very 
small percentage of those who started out, got back home, but 
in scattered bands, barefoot, hungry, despised and mocked. 
The leaders had fallen under suspicion of being insincere, of 
being deceivers and tricksters. The moral condition was what 
might be expected under the circumstances; many of the girls 
scarcely out of childhood themselves, became mothers (44:II, 
180). Thus this crusade ended in dismal failure and disgrace. 
But, Haeser says (II, 180f.), it shows the power of the excited 
imagination over the masses, and is a proof that the form of 
madness or delusion in any age depends on the ideas that 
dominate the mind. 

Two centuries later there was a repetition of the children’s 
pilgrimage, but on a smaller scale (44:II, 186f.). This time 
the objective point was St. Michael in Normandy. Like the 
others, it resulted disastrously; none of the children reached 
home; those that did not freeze or starve were sold as slaves. 
This pilgrimage is so much like the others that a detailed study 
of it will not add materially to our discussion. 

The ordinary crusades must be passed with a word. With- 
out doubt they were a means of spreading the plague, and were 
therefore responsible for whatever results the plague led to,— 
mental, moral, physical or economic, the last of which is far 
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greater than is ordinarily supposed. Furthermore, there was 
a more direct connection between the crusades and the general 
tone of thought which manifested itself in the great variety of 
diseases peculiar to the Middle Ages. The religious motive, 
which led to the attempt to get possession of the tomb of Christ, 
is probably the most common single factor in bringing about 
an unbalanced state of mind; on the other hand, it would ap- 
pear that some of the crusades could not have been undertaken 
except by those who were already unbalanced; thus the two 
seem reciprocally causative. Which came first is immaterial 
for our purpose. Grant that the crusades began under normal 
conditions,—we must confess that before they were at an end 
they stirred Europe to the very foundation. Surely it was no 
ordinary mental atmosphere that caused the women to despoil 
themselves of their most precious ornaments for the benefit of 
the crusaders, and the men to dispose of their hereditary do- 
mains for a small sum, or else exchange them for arms, in 
order to take part in the holy wars; surely under normal con- 
ditions ingots of gold could not be found in heaps where the 
wealthy had deposited what they no longer cared for (68:II, 
21-23), nor are we prepared to see princes, under ordinary cir- 
cumstances, resign all claim to their principalities, and even 
monarchs become indifferent to the glory of reigning over a 
powerful kingdom, and willing to sell their capital city, if only 
a purchaser could be found,—yet such was the case with 
Richard Coeur de Lion (98:III, 257). Such things as these are 
not to be expected except under an unusual order of things; 
and on the other hand, they would be expected to disturb 
greatly the mental equilibrium—if such existed—and thus pre- 
pare the soil for such a harvest of mental epidemics as we find 
in the Middle Ages. 


V. LYCANTHROPY AND WITCHCRAFT. 


Another disease to be mentioned in this connection is lycan- 
thropy—a strictly mental malady. Its name indicates a belief 
in the ability of men to change themselves into wolves. But 
wolves were not the only animals into which human beings 
were supposed to be changed. In Africa the lion, the hyena 
and the jackal, in Hungary and Poland the vampire played 
this part (44: II, 170; 97: II, 243). Whatever animal children 
represented themselves to be in their play, that they believed 
themselves to be when the delusion came. 

The history of lycanthropy is very closely interwoven with 
the history of magic; magicians did much to stir up and keep 
alive this belief; in fact, they were thought to be the teachers 
of those who claimed the power of changing their form. In 
Germany and France, belief in this power persisted even be- 
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yond the Middle Ages. It had, probably, been handed down 
from the days of ancient Greece, for it is known to have ob- 
tained among the Greeks in early days (44: II, 170). 

In Germany, the victim of the delusion was calleda Wehr- 
wolf, in France, a loup-garou. Wehr-wolves were represented as 
actually having a wolf-consciousness,—as being fully persuaded 
that they were wolves, lions, hyenas or foxes, according to the 
form of the delusion in any particular community. Of course, 
the only data possible in a case of this kind would be the action 
of the individual thought to have been transformed into an ani- 
mal; and, it must be admitted, that often men’s actions were not 
unlike those of a wolf. Some skulked around graveyards, and 
howled or barked in a way not characteristic of man in his 
normal condition. Some of the victims of this strange delu- 
sion further showed the propensities of wild animals by killing 
children (68: II, 250 ff.). Any one that went to this extent 
in his madness was likely to be hunted down and killed as a 
wild beast. In France, even as late as 1593, a hunt for men- 
wolves was authorized by law. The parliaments of Bordeaux, 
Tours, Rheims and other cities decreed that all witches and 
consulters with witches (by which they meant /oup-garous), 
should be put to death. As a result, both at Dole and at 
Paris, men were brought to trial and condemned to be burned 
alive (68: II, 200 ff.; cf 49: 108). Some of those accused, con- 
fessed, just as the Jews did during the Black Death. 

If a sufficient motive could be found for men doing that for 
which they are sure to be hunted down as wild beasts or 
burned at the stake, it would be easy to believe the whole 
thing an imposture; but the presence of such motive is difficult 
to find in most cases. In Abyssinia, where this same disease, 
under the name of zoomorphism, existed in the early part of 
the nineteenth century, a sufficient motive seems to be dis- 
coverable. The potters and the blacksmiths are believed to be 
able to change themselves into hyenas, and are very much 
feared on this account; also, the church has excommunicated 
them because of the suspicion that there is something diabolical 
about it. As long as they are so regarded, their guilds are 
not likely to increase in number, and they thus have a mo- 
nopoly in their line of work. To this end, they strive to keep 
themselves separate, they wear rings in their ears; and when, 
as sometimes happens, a hunter kills a hyena that has a simi- 
lar ring in its ear, the populace has all the proof necessary that 
a blacksmith or a potter has changed himself into a hyena. 
It seems never to have occurred to them that these guilds 
could have caught the animal and, after inserting the ring in 
its ear, set it free again, in order to keep up the deception 


(49: 138). 
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As we have seen, lycanthropy and witchcraft have been 
closely connected historically; later, we may see that the con- 
nection is more fundamental. But in our presentation of the 
facts the two will be kept separate, according to the usual 
classification. Witchcraft will be taken in its narrow sense, as 
demonomania. 

Witchcraft has its roots far back in the earliest times of 
which we have record; in sacred history and profane we have 
accounts of the same thing under varying forms. The witch- 
craft of Christian lands was that of polytheistic religions ac- 
commodating itself to a new theology. The principles of good 
and evil gave the Greeks their eudaimonai and kakodaimonat, 
the latter having their counterpart in the Roman manes,; the 
satyrs, sylvans and fauns, like the Greek centaurs, were but 
witches considered as belonging to the ‘‘college of divinities.’’ 

It is not the witchcraft of the Old nor of the New Testament 
that we shall give attention to but that of modern times. In 
the first centuries of the Christian era witchcraft was tolerated 
among the French, Germans, Saxons and others; in fact, the 
victims were objects of pity even up to the eighth century, 
when the belief that the devil was present at the witches’ 
meetings arose and aroused the church to hostility (104:II, 
1370). There are records of trials of witches in Spain in the 
ninth century, but the burning of witches in any considerable 
number is not met with till the thirteenth century. From that 
time on to the eighteenth century (but mainly in the fifteenth 
and sixteenth) the number of victims is incredible, being esti- 
mated by Mackay (II, 232) as ‘‘tens of thousands,’’ and by 
Rydberg (p. 361) as more than a million. One record says 
(68:II, 197) that in France in 1520 fires of execution blazed in 
nearly every town; and many of the cities of both France and 
Germany annually offered up several hundred each (of. cit., 
p. 269); during the long parliament in England three hundred 
were condemned to death (75:290). 

We now wonder how a delusion could ever have a such 
hold of the popular mind as to make this wholesale destruction 
of life possible. But when we learn that Augustine, Luther, 
Melanchthon, Calvin and John Knox were firm believers in 
witchcraft, and that such men as Sir Thomas Brown appeared 
as witnesses against witches, we begin to see the extent of the 
craze. Not only did individuals use their influence against it, 
but organizations, civil and religious, attacked it. The Em- 
peror Sigismund had the matter ‘‘scientifically’’ investigated 
in the presence of theologians, and according to Rydberg (go: 
XVI, 362) they came to the conclusion that it is a ‘‘positive 
and constant fact’’ that men can assume the form of animals, 
as in lycanthropy and witchcraft. The parliaments of most 
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countries recognized witchcraft as a crime, and time and again 
made laws to punish if not prevent it; in Shakespeare’s time, 
z.é., during the reign of Elizabeth, the burning of witches was 
sanctioned by the English government (68:II, 149). Pope 
Innocent VIII issued a bull against witchcraft in 1484, and all 
the popes from that time till the middle of the eighteenth cen- 
tury endorsed his action. A knowledge of these facts will en- 
able us to see the appropriateness of Justice Story’s remarks. 
He speaks of witchcraft as ‘‘a belief that had the universal 
sanction of their own and all former ages; which counted in 
its train, philosophers as well as enthusiasts; which was 
graced by the learning of prelates as well as by the countenance 
of kings; which Jaw supported by its mandates, and the purest 
judges felt no compunction in enforcing’’ (7:61). 

The bull referred to above gave absolute power to inquisitors 
(chief of whom was Jacob Sprenger) to deal with all accused 
of witchcraft, and no appeal to courts or even to the pope was 
allowed. Sprenger wrote a book called ‘‘Malleus Malificarum’’ 
(The Witch-Hammer), giving in detail the proper plan to be 
used in trying witches. According to the rules laid down, 
trial might commence without any previous accusation. The 
testimony of the outlawed, the excommunicated and of repro- 
bates who would not be allowed to appear as witnesses in an 
ordinary case and whose oath would not be believed on any 
other question, was to be accepted without question against 
witches. If the counsellor of the accused appeared too earnest 
in defence of his client he too was to be regarded as guilty ot 
witchcraft. The person accused was put on the rack before 
the trial so that he might be more inclined to tell the truth. 
The abolition of the usual mode of trial, and the employment 
of torture even in the case of one under the slightest suspicion, 
though not accused, were advocated in the bloody code of 
Bodinus in France, and also in that drawn up by Henry Bo- 
guet, ‘“The Grand Judge of Witches for the Territory of St. 
Claude,’’ as he called himself. What Sprenger was to Ger- 
many, and what Bodinus and Boguet were to France, Matthew 
Hopkins was to England. 

The offer of a reward of twenty shillings for every witch 
convicted gave rise to a class of professional witch finders; and 
the methods employed by these, and sanctioned by the courts, 
made the great number of executions possible. 

The method of trial is one thing that makes witchcraft an 
interesting study from the psychological point of view. It will 
therefore be well to recall a few facts concerning that question. 

As has been said, an inquisitor could force one to trial with- 
out accusation and without warning; he could put to torture 
any one he chose, in order to extort a confession. If torture 
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failed to call forth a confession, and if witnesses were lacking, 
other methods were resorted to. In England, particularly, the 
accused was commanded to recite the Lord’s prayer; if she 
failed to do so readily and accurately, she was adjudged guilty 
(68:II, 24). In some districts the one suspected was weighed 
against the Bible, and considered guilty if found to be lighter 
than it; this method seems not to have been employed exten- 
sively, for too many escaped punishment by weighing too 
much. Others employed the pricking test; the one on trial 
was pricked with pins all over the body, and if any spot in- 
sensible to pain was found, it was sufficient proof that the per- 
son was a witch. Hopkins himself preferred the swimming 
test recommended by King James in his ‘‘Demonologie.’’ This 
required that the accused be wrapped in a sheet (after each 
thumb had been tied to the toe of the foot opposite) and laid on 
the back in a pond or river. ‘‘If they sank,’’ says Mckay 
(II, 241), ‘‘their friends and relatives had the poor consolation 
of knowing they were innocent, but there was an end of them; 
if they floated—there was also an end, for they were deemed 
guilty of witchcraft, and burfed’ accordingly.’’ The ‘‘Witch- 
finder-General,’’ as Hopkins was called, had even a more 
atrocious test than this. The suspected witch was made to sit 
in some uneasy posture in the middle of a room for twenty-four 
hours, without food or drink. Guards were always present to 
see if Satan or any of his imps came to the witch, in the form 
of a fly or a moth or a bee. If any insect which entered the 
room succeeded in escaping before the guards could kill it, it 
was an imp, and the one on trial was pronounced guilty, and 
accordingly executed (68:II, 243). Other tests quite as ridicu- 
lous were in vogue, but illustrations need not be multiplied. 

It seems that judges, parliaments, and courts, civil and 
ecclesiastical,? never realized the absurdity of their position. 
They accepted the testimony of witnesses who said they saw 
certain persons in the form of birds, cats or other animals; and 
they never thought to ask how these witnesses could be sure 
of the identity of a person in the form of a cat ora bird. The 
denial of one accused was disregarded; one might be honest 
but deluded, might be changed to an animal without knowing 
it, the judges held. The testimony of a husband that his wife 
was at home at the time she was charged with being at the 
witches’ dance, counted for naught; he was told that he no 
doubt thought his wife was at home, but the devil had deceived 


1 Regnard (pp. 37-8) says that besides burning and drowning, other 
methods of putting to death were employed—such as burying alive, 
strangling, dragging behind a cart, face down, and boiling to death. 

2It will be remembered that the theological faculty of Paris con- 
demned Joan of Arc to be burned as a witch. 
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him by substituting another or an imp in the form of his wife 
while she was away. This inconsistency in the way of regard- 
ing the testimony of witnesses for, and that of those against, 
the accused, was apparently overlooked by those engaged in 
the trial. And yet, as Leckey says (7:55), ‘‘the subject was 
examined in tens of thousands of cases, in almost every country 
of Europe, by tribunals which included the acutest lawyers and 
ecclesiastics of the age.’’ 

The state of mind that made the acceptance of such evidence 
possible is not without interest, but the mental condition of 
witches themselves is of more concern to us. Of course, under 
the system of trials in vogue,—a system which made it possible 
for inquisitors to satisfy their private revenge, to gratify their 
cupidity or to put out of the way those whom they feared— 
thousands of innocent, sane and rational persons lost their 
lives; and this number was greatly augmented by the confes- 
sions which many of those accused made, for confessions tended 
to strengthen the delusion in the popular mind. These confes- 
sions themselves demand explanation,—they cannot be ac- 
counted for as deliberate lies told to escape punishment, for 
they always led to death. We must not forget, either, that 
there were witches’ meetings, and these, as we shall see, gave 
some ground for the belief which prevailed. To quote Tam- 
burini and Tonnini (104:II, 1369), ‘‘The grossest crimes and 
most barbarous cruelties were practiced at their orgies,—infants 
were sacrificed and their flesh, after having been boiled with 
toads, serpents and the like, was made into an ointment which 
was reputed to possess bewitching qualities. At the end of 
their ceremonies, great banquets were eaten at which infant’s 
flesh was a prominent dish.’’ Such meetings are known to 
have been held in Switzerland as late as the middle of the fif- 
teenth century. This form of witchcraft is known as demono- 
latria, which is really devil-worship. The mental condition of 
witches, and especially of those who engaged in these practices, 
needs to be considered. It is safe to say that this condition 
varied all the way from simple mental depression with visions 
and hallucinations to the strange insanity of those who partici- 
pated in these orgies or of those who hid in the woods or 
lurked in graveyards, killing and actually devouring people. 
According to Tamburini and Tonnini (104:II, 1370), an epi- 
demic of some such character occurred in England just before, 
and again just after, the Black Death. 

A question which has been practically neglected in the dis- 
cussion of witchcraft, has quite a direct bearing on the magni- 
tude of the delusion, and also on the poisoning mania during 
the plague, if not on several other epidemics of the Middle 
Ages. There were no asylums for the insane before the seven- 
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teenth century, so those of unsound mind were left at large 
(108:122f.). There is little doubt, therefore, that they com- 
municated their insanity to others. And no doubt this ac- 
counts, in a large measure, for the number who confessed the 
impossible things of which they were accused. 

Turning now to the relation of lycanthropy to witchcraft, we 
may say that, strictly speaking, lycanthropy is a form of witch- 
eraft; z. e., witchcraft, in its broadest sense, is generic, and 
includes not only demonomania (witchcraft as generally under- 
stood), but theomania, lycanthropy and certain hysterical 
phenomena. The same general psycho-pathological condition 
is present in all of them. The description of melancholia 
given by Tamburini (104:II, 1368) will apply to the condition 
of the victims of witchcraft or lycanthropy. Melancholia with 
delusions and confused personality is clearly seen in the case of 
those in witchcraft who believed themselves changed into cats, 
birds, etc., and in the case of those in lycanthropy who be- 
lieved themselves to be changed into wolves, hyenas, vampires, 
etc. The distinction between ordinary witchcraft and lycan- 
thropy seems to be superficial rather than essential; in witch- 
craft, emphasis is not placed on the assumption of animal forms 
so much as on the diabolical power of the one possessed, while 
in lycanthropy, the change of form is the feature made promi- 
nent, although the same power is necessarily considered present. 

Belief in witchcraft has not altogether died out even yet; it 
is probably more general in the highlands of Scotland than 
anywhere else. But there are no more executions; in fact, 
those at Salem in 1692 were among the latest so far as I have 
seen; the French parliament, even a century earlier, influenced, 
no doubt, by the the attitude of Louis XIV, had refused to 
condemn those accused; but trials continued in some places 
even in the first quarter of the nineteenth century (68 : II, 320). 
The delusion was so deep-rooted that with another King James 
and another Innocent VIII, we might find it assuming alarm- 
ing proportions even now. 

This remarkable delusion suggests another which, although 
it captivated millions of minds during its reign of a thousand 
years, must receive but a brief notice here. I refer to alchemy. 
Most noticeable among those who were entangled in its web, 
may be mentioned Avicenna, Albertus Magnus, Thomas Aqui- 
nas, Roger Bacon and Paracelsus. Though the philosopher’s 
stone * was never discovered, though the secret of transmuting 


1It is interesting to notice that such men as Prof. Rutherford have 
concluded, from their study of radio-active substances, that the al- 
chemists were correct in believing that substances are transmutable. 
So the alchemists became chemists, and chemists have become 
alchemists. 


we 
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the baser metals into gold was never found out, it was a par- 
tial compensation for all the baleful influences of so powerful 
a superstition, for the tremendous waste of energy, time and 
talent, that alchemy gave us chemistry as astrology gave us 
astronomy. 


VI. COMMERCIAL CRAZES. 


The Mississippi Scheme. ‘The Mississippi company was or- 
ganized in France, by John Law, a Scotchman, in 1717. Its 
purpose was to have ‘“‘the exclusive right of trading to the 
great river Mississippi.’’ It was a typical get-rich-quick 
scheme, but was on a tremendous scale, and its effects were so 
vast and far-reaching as to be almost beyond the possibility 
of belief. 

To show the condition of things when the infatuation was 
at its height, I quote from Mackay (I, 26): ‘“The highest and 
the lowest classes alike were filled with the visions of bound- 
less wealth. There was not a person of note among the aris- 
tocracy, with the exception of the Duke of St. Simon and Mar- 
shall Villars, who was not engaged in buying and selling stock. 
People of every age and condition in life speculated in the rise 
and fall of the Mississippi bonds. The Rue de Quincampoix 
was the grand resort of the jobbers. . . . Houses in it, worth, 
in ordinary times, a thousand livres of yearly rent, yielded as 
much as twelve or sixteen thousand. A cobbler who hada 
stall in it gained about two hundred livres a day by letting it 
out and furnishing writing material to brokers and their clients. 
The story goes that a hunch-backed man who stood in the 
street gained considerable sums by lending his hump as a 
writing-desk to the eager speculators. The great concourse of 
persons who assembled to do business brought a still greater 
concourse of speculators. These again drew all the thieves 
and immoral characters of Paris to the spot, and constant riots 
and disturbances took place. At nightfall, it was often found 
necessary to send a troop of soldiers to clear the spot.’’ 

When fifty thousand new shares were offered, there were at 
least three hundred thousand applications made for them; and 
for weeks the eager applicants beset Law’s house. Dukes, 
marquises and counts, with their duchesses, marchionesses and 
countesses, waited in the street for hours every day to know 
the result. Many took apartments in adjoining houses, ‘‘that 
they might be near where the new Plutus was diffusing his 
wealth’ (68:1, 25). The streets were so blocked by the 
waiting crowds, Law moved his office to a place that had open 
space enough to accommodate the crowds, and, in order to 
keep the streets clear a law was passed confining speculation 
to this place (68:1, 28). Law became the most important 
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personage in the realm; the ante-chamber of the regent of 
France was deserted by the courtiers; scholars, bishops and 
peers who would have considered it an insult if the regent had 
made them wait half an hour for an interview, thought noth- 
ing of waiting five or six hours to get to see Monsieur Law. 
Every conceivable scheme was devised for gaining access to 
him; enormous fees were paid servants by some persons merely 
to have their names announced. One fine lady had the coach- 
man drive so as to overturn her carriage as she was about to 
meet Law, hoping that his gallantry would cause him to come 
to her assistance; another gave the alarm of fire in order to get 
to speak to him as he ran out (68:1, 32). To use Mackay’s 
language (I, 44), ‘‘Never was monarch more flattered than he 
was. All the small poets and /it/erateurs of the day poured floods 
of adulation upon him. According to them, he was the Saviour 
of the country, the tutelary divinity of France; wit was in 
his words, goodness in all his looks, and wisdom in all his 
actions. So great a crowd followed his carriage when he went 
abroad, that the regent sent him a troop of horse as his per- 
manent escort to clear the streets before him.’’ 

But this state of things could not last always. Prices could 
not continue to rise forever. Some recovered their senses 
enough to think of this, then the hitherto unbounded confi- 
dence began to waver; the tide was turned; fortunes were lost 
by the rapid decline in stocks. Law’s sincerity was questioned; 
he became the most cordially hated man in the kingdom,— 
every epithet that popular hatred could suggest was hurled at 
him. An attempt was made to mob him; the carriage in 
which he was thought to be was set upon and demolished. 
The royal carriage and an armed escort were put at his dis- 
posal,—for the regent had not lost confidence in him, but Law 
soon concluded that his safety could be assured only by flight. 
His property was confiscated, even contrary to a special edict 
that should have prevented it. 

History has furnished few better examples of frenzy so well- 
nigh universal and of so long duration, and also of the extreme 
fickleness of crowds. : 

While this mental epidemic, this terrible delusion was raging 
in Paris, the plague, in its severest form, was raging in Mar- 
seilles. It is difficult to say which city was really most seriously 
disturbed. 

The South-Sea Bubble. While France was wild over the 
Mississippi Scheme, England was suffering a similar delusion, 
usually known as the South-Sea Bubble. It promised fabulous 
fortunes to those who would take stock in the company or- 
ganized to trade with the South-Sea countries,—certain South 
American states, and various islands. It is scarcely too much 
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to say that for the greater part of a year almost all England 
lost its senses,—the wildest fanaticism reigned. Even Parlia- 
‘ment had no judgment on financial questions; the encourage- 
ment it gave the South-Sea Company did much to augment 
the evil. The stock soon began to rise; it went to two hundred, 
three hundred, four hundred, five hundred, and, finally, to 
one thousand per cent. Mackay says (I, 83), ‘‘Exchange 
Alley [the Wall Street of London] was every day blocked by 
crowds, and Cornhill was impassable for carriages. Every- 
body came to purchase stock. ‘Every fool aspired to be a 
knave.’ ”’ 

The mental contagion was so powerful that the people be- 
came an easy prey to cheats, frauds and swindlers of all kinds. 
Dozens of other schemes of the most extravagant kind were 
started. Some donot believe it possible to organize a company 
“to make deal boards out of sawdust,’’ yet Maitland, in his 
‘*History of London,’’ says (68:1, 87) that such a company 


not only existed, but received great encouragement. There 
was another ‘‘for the transmutation of quicksilver into a 
malleable fine metal,’’ and one for extracting silver from lead. 
A company, capitalized at a million dollars, to construct a 
wheel to be run by perpetual motion, was not the only proof 


of the almost universal insanity. There was a company to 
make square cannon balls. Permits to join a company which 
would be organized ‘‘sometime,’’ for the manufacture of a new 
kind of sail-cloth, were sold at sixty guineas each,—the stock 
had to be paid for in addition to this. ‘There was another, 
entitled ‘‘A company for carrying on an undertaking of great 
advantage, but nobody to know what it is.’’ Mackay (I, 88) 
says he is following scores of credible witnesses when he states 
that even so palpable a swindle as this found dupes. Within 
five hours after the swindler opened his office for the sale of 
stock, a thousand shares of one hundred pounds each had been 
subscribed for, and partly paid; the rascal, finding himself in 
possession of two thousand pounds for so little outlay, left im- 
mediately for the continent, and was never heard of again. 

After about eight months the South-Sea Bubble burst, be- 
cause the unnatural state of mind could not last always. Prices 
fell rapidly; fortunes were lost ina day; many who were wealthy 
in the morning, were paupers at night. And as intimated 
elsewhere, the bitterest feeling was aroused. Parliament, 
which had given encouragement to the scheme before, now 
confiscated the property of the organizers of the company. 

The Tulip Mania. It was not so strange to see the mer- 
curial French run wild after a chimera, as to see the cold- 
blooded Anglo-Saxons, and especially so prudent a people as 
the Dutch. Yet Holland went mad over the tulip about a cen- 
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tury before France and England had their crazes,—or more 
exactly, in 1634. At this date ‘‘the ordinary industry of the 
country was neglected, and the population, even to the lowest 
dregs, embarked in the tulip trade’ (68:I, 141). The mania 
had reached such a stage in 1635 that tulips, like precious 
stones, were sold by weight; the standard was the erz#, less 
than one grain. Many paid as much as 100,000 florins for 
forty bulbs. Some invested their entire fortune in the pur- 
chase of one bulb. Ifa man had no money, he gave what he 
had. One person offered twelve acres of building ground for 
a single root of a fine variety, the Haarlem; another gave in 
exchange for an Amsterdam, ‘‘4,600 florins, a carriage, two 
gray horses and a complete set of harness’’ (68:I, 142). 

In view of all this, we are not suprised that a sailor who ate 
a tulip, believing it to be an onion, was put in prison for sev- 
eral months. The value set upon that particular bulb was 
$1,400—enough to provision a ship’s crew for a whole year. 

Mackay says (1,147): ‘‘Nobles, citizens, farmers, mechanics, 
seamen, footmen, maid-servants, even chimney sweeps and old 
clothes-women, dabbled in tulips.’’ Those who had property 
sold it at ruinous prices in order to become speculators. 

It should be said that it was love of the flowers that led to 
high prices; speculation followed naturally; and when it began, 
foreigners caught the craze, and poured into Holland from all 
directions. The bulbs were publicly sold in the Stock Ex- 
change in London, in 1636, and several years later one tulip 
brought seventy-five pounds. 

In Holland it became necessary to enact a special code of 
laws for the guidance of dealers in tulips. They had their 
tulip-notaries and tulip-clerks who devoted all their time to 
tulip trade. The fever was at its height for about two years, 
when the people regained their senses, and found their country 
practically bankrupt (68:1, 147). 


VII. LATER RELIGIOUS EPIDEMICS. 


Interesting phenomena are to be found among religious 
sects even as far back as the beginning of the second century 
of the Christian era. The Adamites, who prayed nude, the 
Ophites, who worshipped the serpent, the Gnostics, with their 
loathsome religious rites, the Montanists, who always carried 
lamps and who had visions in which they saw the soul, ‘‘soft, 
delicate and shining,’’ the Simmachians, who practiced self- 
mutilation, and the Massabiani, who, besides showing other 
peculiarities, always carried sacks on their backs, breaking 
forth into wild leaps, all possess very great interest from our 
point of view, but because of the limited scope of our under- 
taking it is considered best to concentrate on certain religious 
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epidemics of modern times. Beginning with certain sects 
which arose in the seventeenth century, we shall give a brief 
sketch of these in order to obtain facts for a comparative study, 
and then take up more fully some remarkable examples of a 
later date. 

George Fox, the founder of the Quakers, claimed to have 
the power of prophecy and clairvoyance, and also of miracu- 
lous healing. His mental history shows striking resemblances 
to that of Mohammed. He spent much time in solitude, and 
fasted much. Once he fell into a trance which lasted fourteen 
days (69:938). But it is the peculiarity of the sect which he 
founded to which attention is now to be given. The name 
given to the sect indicates this peculiarity; the ‘‘quaking’’ or 
trembling which overcame them while engaged in worship 
was sometimes so violent that even the house in which they 
sat seemed to be shaken (cf. Art. ‘‘Quakers,’’ in Encyclopedia 
Brittanica). 

The Ranters and Fifth-monarchy men who arose about the 
same time, z. ¢., about the middle of the seventeenth century, 
were not affected so much by these convulsions, but were 
even worse in their wild fanaticism or mental aberration. In 
1657 the Fifth-monarchy men formed a plot to kill Cromwell; 
and later they broke out in insurrection, claiming to have 
Jesus as their leader. Troops were called out against them 
and most of them were slain,—they would not yield because 
they considered themselves invincible (69 : 93). 

At the end of the seventeenth century the Cevennes, or 
French phophets, another sect of convulsionists arose, and be- 
ing driven from their own country, spread the disease in Ger- 
many, Holland and England; in the latter country it came to 
the attention of Charles Wesley, who considered the contor- 
tions of the body to which the victims were subject, as the 
work of Satan. Evidently Wesley did not suspect that later 
his brother’s preaching would produce similar results, yet it is 
among his followers that some of the best examples are to be 
found. Indeed, Wesley’s biographer seems to consider it an 
honor to Wesley that he could compare so favorably with 
Whitefield in this respect (69:940). And Wesley, so far from 
seeing anything diabolical in it, ‘‘acknowledged the finger of 
God.’’ It is interesting to learn from his description, that 
even sceptics might be attacked while watching those affected 
(69: 940 f.). 

The Jumpers, who arose in Wales about 1740, are described 
by Wesley as presenting the same phenomena that we have 
found among his own followers. According to him, ‘‘they 
would sing the same song over and over again, thirty or forty 
times, till some of them worked themselves into a sort ot 
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drunkenness or madness; then they were violently agitated and 
leaped up and down in all manner of postures frequently for 
hours together’’ (69 : 940). 

Just about a century after the founding of the Quakers, by 
Fox, another similar sect arose of which the ruling spirit was 
‘*Mother’’ Anne Lee, whom her followers believed to be the 
reincarnation of Christ. She and her followers claimed the 
gift of prophecy, the gift of healing, and sometimes the gift of 
tongues. Their name also was given them because of the vio- 
lent shaking which usually came upon them during their wor- 
ship. Dancing was considered a part of worship, according to 
their own historians (69: 941-2). After their removal to New 
York, near the close of the eighteenth century, many grave 
charges were made against them, and some of these are admit- 
ted by the Shakers themselves. Thomas Brown, who was for 
a time a member of the Shaker society, and who has given us 
an excellent history of that sect, says(p. 322) that it was their 
custom to shut themselves in from the world, and dance abso- 
lutely naked, men and women together; yet strange to say, he 
denies the rumors that the grossest immorality was practiced 
on these occasions.—he even says that one young woman was 
stripped naked and publicly whipped for manifesting improper 
desires. In the face of all this one is naturally curjous to 
know what this historian is keeping back in regard to the 
practices of these people, for he says there are some things 
which modesty forbids him to speak of. 

About the time the Shakers arose in England the Convul- 
sionnaires arose in France. The grave ofa greatly beloved man 
had been visited for years. Finally it was reported that mira- 
cles had taken place at his grave; the excitement caused was 
so great that some were seized with ‘‘convulsions and tetanic 
spams.’’ This caused multitudes to go to the cemetery daily 
to witness the strange spectacle. The excitement assumed 
such proportions that Louis XV issued an order that the ceme- 
tery should be closed,—but laws are powerless under such cir- 
cumstances. The number of victims increased to such an 
extent that soon there were almost a thousand Convulsionnaires. 

Many of the patients, in addition to suffering from convul- 
sions, were attacked by violent pains, which were relieved by 
their friends (called secourists), by very rough treatment, as 
were the dancers of the Middle ages. According to Hecker 
(p. 148), ‘‘the sufferers were beaten and goaded in various 
parts of the body with stones, hammers, clubs, swords, etc., of 
which treatment the defenders of this extraordinary sect relate 
the most astounding examples, in proof that severe pain is im- 
peratively demanded by nature, in this disorder, as a counter- 
irritant.—It is stated that some Convulsionnaires have borne 
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from six to eight thousand blows, . . . without danger.’’ This 
author says further (doc. cit.), that ‘‘sometimes the patients 
bounded from the ground impelled by the convulsions, like a 
fish when out of water; hence it is not strange that women and 
girls, not wishing to appear indecent, put on gowns made like 
sacks, closed at the feet. . . . They showed great agility,’ 
, and it is scarcely necessary to remark that the female 
sex especially, was distinguished by all kinds of leaping, and 
almost inconceivable contortions of the body. Some spun 
round on their feet with incredible rapidity, as is related of the 
dervishes; others ran their heads against walls, or curved their 
bodies like rope-dancers, so that their heels touched their 
shoulders.”’ 

This mania of the Convulsionnaires continued to rage for about 
sixty years, or until the upheavals of the French Revolution 
struck it a blow that weakened its force, and gradually brought 
it toan end. The moral condition of the community during 
this time is hard for usto realize. ‘‘The grossest immorality,’’ 
says Hecker (p. 149), ‘‘found in the secret meetings of the 
believers, a sure sanctuary, and in their bewildering devotional 
exercises, a convenient cloak.’’ Secret meetings are spoken of 
in this quotation;—in the year 1762, parliament passed a law 
against the ‘‘Grands Secours,’’ or their harsh method of treat- 
ment, and this, to them, was virtually a law against their reli- 
gion; or at least, a law against public meetings, for they felt 
that they must ‘‘cure’’ the suffering even if they had to have 
secret meetings for that purpose; and so from this time on they 
met in secret. Whether these extravagances continued or not 
after the Revolution, I have been unable to ascertain; the sect 
was still in existence at the end of the first quarter of the nine- 
neenth century, but without the convulsions (49:150). 

We may say that religious mania was not only epidemic, but 
pandemic, during the eighteenth century, for it spread through- 
out America as well as Europe. And as America furnishes 
some of the latest and best material, all further information 
may be drawn from our own country. 

Although the epidemic was not confined to any particular 
section, the best example is the one known as the Kentucky 
Revival, which, about the end of the century, swept over sev- 


1There was a disease in Scotland at about this date, possessing the 
physical peculiarities of the religious manias, in a somewhat different 
and exaggerated form. They had fits of dancing, during which they 
had all the appearance of madness; often they ran with wonderful 
speed, even over very dangerous ground; sometimes when confined 
in the house they would climb in a most singular manner, leaping 
from one cross-beam to another with the agility of a cat, or whirling 
around one ‘“‘with a motion resembling the fly of a jack.”—C/. Edin- 
burgh Med. and Surg. Jour., Vol. III, p. 434. 
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eral states, but centred in Kentucky. Here everything else 
dwindled into insignificance, and for four or five years all 
minds were concentrated on religion. During this time camp- 
meetings were in almost continuous progress, and people came 
in wagons forty or fifty miles, bringing provisions enough to 
last while the meetings continued. To borrow the language 
of Dr. Davidson, who has written a history of this revival, 
“‘the laborer quitted his task, age snatched his crutch, youth 
forgot his pastime, the plough was left in the furrow, business 
of all kinds was suspended, bold hunters and sober matrons, 
young men, maidens and little children flocked to the common 
centre of attraction.’’ The usual estimate of the number of 
people present at Cane Ridge, where the greatest excitement 
prevailed, is twenty thousand (63:26), though some have 
thought that this sumber should be doubled. 

A crowd of this kind, oppressed by a ‘‘pungent sense of sin,’’ 
when gathered together for the purpose of worship, would, 
even with less emotional and impassioned preaching, develop 
no small degree of excitement,—and this was redoubled under 
the conditions usually preset in these meetings. One must 
remember that the meetings, which had continued probably the 
greater part of the day, were prolonged till late at night—in- 
deed, usually even until morning, during all of which time 
songs were sung, fervent prayers were offered, and perfervid 
preachers pictured the glories of heaven, or the horrors of hell, 
inwords that burned. The glaring light of camp-fires reveal- 
ing long ranges of tents through the darkness, the light ot 
flashing torches and flickering candles falling upon the dense 
mass of people and showing thousands of heads bowed in 
prayer, and the groans, the sobs and the shrieks of those suf- 
fering intense anguish of mind, all conspired to make the scene 
more weird, ‘‘to invest it with terrific interest,’’ and thus pro- 
duce that delirium of excitement the like of which has never 
been seen. One other factor contributing to this end was the 
fact that women and children, as well as men, preached; the 
preaching of one little girl of seven and a boy of twelve were 
said to be especially effective (113:499f.). 

The physical effects that followed on these occasions were 
most remarkable. A great number were seized with an impulse 
to leap or jump, from which fact the people connected with the 
revival are generally known in Europe as the ‘‘Jumpers,’’ 
although that was one of the least interesting of the physical 
characteristics. Some became cataleptic and remained in that 
condition from a few minutes to several days (113:502). 
Many were affected with the ‘‘jerks,’’ a spasmodic contraction 
of the muscles which sometimes caused the head to turn from 
side to side with such rapidity that the features were indistin- 
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guishable (113:503); sometimes the whole body was affected 
and the head was jerked backward and forward so violently 
that the head almost touched the floor behind and before 
(113:503), and the reversal of the motion was so sudden tha 
the hair, if it was long, would ‘‘crack and snap like a whip 
lash’’ (113:503).' According to Barton W. Stone, one of the 
most prominent religious leaders of his day, it was not alone 
the weak in body and mind that were subject to these violent 
convulsions—but ‘‘all classes,” saints and sinners, the strong 
as well as the weak’’ (113:503), and in the same connection he 
says he has seen some thrown to the earth by the violence of 
their convulsions while they were cursing the jerks. But 
while it is true that all classes and all ages, from the child of 
six or less* to the man of sixty were subject to these convul- 
sions (85:5 f.), it is also true that women and children were 
more commonly affected, and according to Dr. Felix Robertson 
(p. 5), particularly those from fifteen to twenty-five. 

Richard M’Nemar, who was one of the preachers in the re- 
vival, and who, as an apologist, would certainly not exagger- 
ate, says (p. 61) that some, stretched at full length, rolled on 
the ground like a log for hours at a time, others, drawn double, 
with head and feet together, rolled round and round like a 
wheel, and still others were dashed to the ground and ‘‘bounced 
from place to place like a football.’’ Evidently it is, this last 
phenomenon which Hecker (p.148) and McMaster (p. 58) 
describe in a more fitting figure when they compare the mo- 
tions of the sufferer to those of a live fish out of water. Others, 
according to Mooney’s report (p. 963), hopped about like frogs. 

After the convulsions began in violent form, the sufferer was 
absolutely powerless,—he was as a leaf in a whirlwind;* but 


1Dr. Davidson would not record cases of this kind until he got in- 
formation from eye-witnesses. Dr. Yandell followed his example. I 
can introduce the same kind of testimony, for my grandmother wit- 
nessed these peculiar phenomena among the jerkers in Tennessee. 

2 Lorenzo Dow, one of the revivalists, in describing his meetings at 
and near Knoxville, Tennessee, says: ‘‘I have seen Methodists, Bap- 
tists, Quakers, Church of England, and Independents exercised with 
the jerks—gentlemen and ladies, black and white, rich and poor with- 
out exception. Those philosophers who wish to get it to philosophize 
upon it and the most godly are excepted from the jerks. The wicked 
are more afraid of it than the small-pox or yellow fever.’’ The Pres- 
byterians might have been added to the list of denominations he gave, 
for it was among them that the Kentucky Revival began. 

sJonathan Edwards (2: 158) tells of a child of four being so affected 
in one of his meetings; in fact, Edwards gave special attention to 
children and was anxious to get as many as possible under this in- 
fluence (doc. cit.). 

*It was impossible to quiet one who had the convulsions; all efforts 
in that direction usually made one worse; and besides, one man could 
scarcely be restrained by five or six, so great was his strength when 
in this condition (49:144). 
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when they came in the form of the jerks, which, in the earlier 
stages, were mere twitchings of the limbs and muscles that 
move the head, the sufferer might protect himself, in a measure, 
by holding to some stationary object. In some places, when 
clearing the ground to make an opening to accommodate the 
crowds, saplings were cut off breast-high and left ‘‘for the 
people to jerk by.’’ McMaster (p. 581) refers to one place 
where there was quite a grove of these stumps around which 
the earth was kicked up ‘‘as by a horse stamping flies.’’ 

Many fell suddenly to the earth as in an epileptic fit; this 
was called ‘‘the falling exercise.’’ One person’s falling seemed 
to be the signal for others; in other words, it was very conta- 
gious. Where these vast crowds were assembled, the number 
of those affected ran into the hundreds; indeed, M’Nemar re- 
ports (p. 26) that on one occasion three thousand fell; this 
statement is made on the basis of an actual attempt to count 
the ‘‘spiritually slain,’’ as those who fell were called. These 
were taken away, to prevent their being trampled upon by the 
jumpers, and laid in rows in the meeting-house, which was re- 
served for this purpose—the preaching being in the open air. 
Some of these persons were unable to move for quite a while; 
some could merely kick the floor with their heels; some were 
soon up and among the jumpers, the jerkers or the rollers, or 
perhaps rushing wildly about in the forest (62:581). 

There was another class known as the ‘‘barkers;’’? accord- 
ing to Brown (p. 343) and M’Nemar (p. 62) both of whom 
were on the ground, people would get down on all-fours and 
bark and growl like dogs. Mooney (p. 943) adds that they 
would get down in front of the preacher, and bark as long as 
he preached. At first those who had the barks felt very much 
humiliated at being compelled to do a thing that seemed so 
degrading, but later they were regarded as possessing a larger 
measure of the Holy Spirit (69:943); probably it was then 


1 Barking manias have broken out from time to time since the fifth 
century, but they are not necessarily connected with religion. Some- 
times the imitation is of a cat, a sheep, or a dove, instead of a dog. 
See Dict. Psych. Med., Vol. I, p. 436; Havelock Ellis, ‘‘Man and 
Woman” (Ed. 1904), p. 353; Calmeil, De la folie, t. I, p. 513. 

2This performance has been closely paralleled in recent years by 
some of the Russian sects. Besides manifesting the more common 
physical phenomena, including the dance, the whirling of the der- 
vishes, and convulsions, ‘‘men and women tear off their garments and 
go about on all-fours, ride on one another’s backs, and give way to 
the sexual erethism which had been exalted to the highest point’ 
(Ellis, 333-4), yet they call themselves Christs, and actually claim 
to possess a portion of divinity, and to be worthy of adoration; 
it is admitted that they are ascetic under normal conditions, but 
are carried beyond themselves by an excitement which they be- 
lieve is of divine origin. 
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that the disease became more persistent, for we are told that 
some continued their barking ‘‘from month to month’’ (63:62). 
It scarcely need be mentioned that all who participated in these 
meetings believed all these phenomena to be the manifestation 
of the Holy Spirit which had taken possession of the man, soul 
and body. It is interesting to note that in the Middle Ages, 
phenomena similar to these were attributed to the devil, and 
the ‘‘possessed’’ were exorcised by the priests. It is interest- 
ing, furthermore, to notice that the faith of those who believed 
in the divine influence was never shaken by the fact that cold 
water dashed on a sufferer might cure him.’ 

The barkers finally learned that dancing would give relief,— 
that it would as it were, drain off the surplus nervous excite- 
ment, and they preferred voluntary dancing to involuntary 
barking, according to M’Nemar (pp. 62-3). One of the min- 
isters, so the same author says, set the example, and soon the 
dance came to be regarded as a part of the worship (63 : 60). 

The ‘‘holy laugh’’ was another peculiar feature of this revi- 
val. Sometimes while the sermon was in progress half the 
congregation would be laughing aloud in the most serious 
way—if it be not a contradiction to say so—for they regarded 
it as a part of the worship (113 : 505). 

One would naturally expect many serious injuries if nota 
few fatalities, from the violent actions of those so powerfully 
affected, but singularly enough, we find no record of such; on 
the contrary we are told (18 : 346-7; 69:942) that very few 
hurts were received, and those were not at all dangerous. 
Evidently those most under the influence of the excitement 
were largely if not wholly anesthetic. This was confirmed by 
accident in one case. A physician administered hartshorn to 
a young man who had fallen, in order to revive him, and 
spilled some in his nose, but he took no notice of it (113:502). 

There is reason to believe that all the after-effects have not 
been recorded by the historians of the revival; and this is not 
strange, for being themselves participants, they might natu- 
rally, as apologists, keep silent on the most objectionable fea- 
tures, or at least fail to attribute them to their true cause. In 
view of the results of such excitement in other places one is 
surprised not to find record of more cases of permanent insan- 
ity. If the New England Revival? which did not by any 


1A minister in the Shetland Islands having his sermons frequently 
interrupted by several members who were subject to these convulsive 
attacks, announced to his congregation that immersion in cold water 
was the most effectual remedy known for that trouble, and that in 
future those who were attacked would be taken to a near-by lake. It 
need scarcely be said that he never had occasion to use the remedy. 

2The New England Revival started in 1734 under the preaching of 
Jonathan Edwards; but the extravagances of this were far surpassed 
by the Great Awakening which occurred five years later. This was 
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means assume the proportions of the Kentucky Revival, re- 
sulted in a mania for suicide (62a:II, 159) it would be ex- 
pected that mental aberration would not be absent from the 
latter. It is probable, also, that the health of many was per- 
manently injured; in fact we are told (49:152) that many re- 
tained for life some nervous disorder which resulted from the 
excessive excitement. Interesting cases ina different section 
of the country will be given in another connection. 

While the Kentucky Revival proper ended about 1805 (hav- 
ing begun, as usually reckoned, in 1800), that variety of reli- 
gious excitement has continued even down to the present. A 
wave which would have been considered remarkable but for 
being overshadowed by that which we have described, over- 
ran Ohio, New York and some of the New England states 
about the middle of the last century; but since that time it has 
constantly decreased as an epidemic, and grown milder in form. 
I have studied the question at first-hand in some of the South- 
ern states which were so much affected by the Kentucky Re- 
vival, and I find that jumping, or shouting as it is now usu- 
ally called, is practically the only ‘‘bodily affection’’ in recent 
years, and even this is not common. Other sections of the 
country now have severer forms than I have met with even 
among the negroes of the South within the last decade. The 
Holy Rollers were to be seen in Worcester, Mass., only two or 
three years ago; the Holy Jumpers are found in several of the 
Western states to-day. The Shakers in Maine, Prince Edward 
Island, and perhaps in other places, still present the same 
peculiarities, and consider dancing a part of the divine service. 

Since the great revival, and particularly in the last quarter 
of a century, a number of sects have sprung up which make 
even more extravagant claims than those a century ago. Like 
these, they claim to see visions and to speak with tongues; 
many of them claim to work miracles, and some claim to be 
Christ reincarnate. The Millerites, founded in 1831, and now 
numbering about twenty thousand, still hold together, not- 
withstanding their disappointment at Christ’s failure to return 
to earth in 1843, as they expected. The Beekmanites, founded 
in Illinois in 1875, by Mrs. Beekman, and now presided over 
by her successor, Schweinfurth, both of whom have claimed to 
be Christ, still gain new members. In 1888, a man by the 


the time of the excitement aroused in England by the Wesleys and 
Whitefield; in fact, they made a visit to America during this revival, 
and Whitefield took quite an active partinit. All such convulsive 
religious epidemics are regarded by Wicke, Hecker and Haeser 
(44: II, 179) as forms of the dancing mania. Fort (p. 363, 5) agrees 
with these writers as to the outward resemblance of the religious to 
the dancing epidemic, but he differs as to the cause. 
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name of Brown, near Chattanooga, Tennessee, claimed to be 
the risen Christ, and was actually worshipped as such. Some 
of his followers offering to die to prove their faith, the sheriff 
stepped in and drove Brown from the neighborhood. A year 
later, a similar craze arose among the negroes of Georgia and 
South Carolina. A number of negroes claimed to be Christ, 
and a sect known asthe ‘‘Wilderness Worshippers’’ was formed, 
and a temple and an ark were built. When their enthusiasm 
led to the killing of a woman, the leaders were adjudged in- 
sane and sent to the asylum; many others were put under 
arrest and held in custody till the excitement died out. At 
the same time, Indiana, Illinois and Missouri were visited by 
the ‘‘Heavenly Recruits,’’ who showed the same extravagance 
of mental and physical phenomena, till the civil authorities 
**put a stop to the mental and physical demoralization (69: 944 
ff.). ‘‘Zion’’ and ‘‘Shiloh’’ being just now at their height, 
need but to be mentioned. The Doukhobors, one of the most 
interesting of modern sects, persecuted by the Russian govern- 
ment, defended by Tolstoy, and, finally, allowed to seek refuge 
in Canada, must also be omitted here. 

Such striking parallels are found among the Indians that it 
will be well to mention one or two of them before leaving this 
subject. The Indians of Puget Sound have a sect of Shakers; 
it was founded in 1882 by an Indian, John Slocum, who mis- 
took his delirious dreams in a spell of sickness for a heavenly 
vision; who, in short, believed he had been to the gates of 
heaven, and had talked with Christ face to face. Having, as 
they believe, a direct revelation, they do not care for the Bible. 
While their worship is characterized by some extravagances, 
especially by dancing, their life is above reproach. They make 
special war on drunkenness, gambling and such vices, they 
preach honesty, sobriety, temperance and right living, and 
they practice what they preach (69: 759). 

The Ghost Dancers originated about 1890, through the work 
of Wovoka, another Indian who saw ‘‘visions,’’ and was tran- 
sported to heaven during delirium, caused by fever. Though 
generally known as the ‘‘Messiah,’’ and usually believed to 
have assumed that title himself, he repudiates all claims to 
divinity, but he does claim to be in constant communication 
with God, and maintains that he has been given power over 
the elements; he actually opened negotiations with the powers 
at Washington ‘‘to keep the people of Nevada informed of all 
the latest news from heaven, and to furnish rain whenever 
wanted, for a small consideration paid at regular intervals’’ (69: 
773). 

Their ceremony consists in forming a circle, joining hands, 
and marching around the leader, singing songs of suitable 
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rhythm; this is kept up till some become entranced, or as they 
express it, ‘‘go to the spirit world.’’ Most who go into trance 
become cataleptic, and are usually allowed to fall heavily to 
the ground. They may remain in this rigid and unconscious 
condition for a few minutes only, or for hours. In many in- 
stances, the entranced person will spin around like a whirling 
dervish, or maintain some difficult posture for a length of time 
that would be impossible for one in the normal condition 
(69 : 925 ff.). Mr. Mooney, of the department of Ethnology 
at Washington, saw a young Arapaho become rigid in trance 
night after night. According to him (p. 924), this young man 
took part in the terrible sun dance later, ‘‘dancing three days 
and nights without food, drink or sleep.’’ 

The belief that the Messiah was going to restore the old or- 
der of things and make all Indians invulnerable caused the 
dance which he instituted to be generally engaged in, and the 
excitement to which it led to become more wide-spread. It 
was this excitement added to hunger that brought to a focus 
the disturbance that led to the tragic death of Sitting Bull 
(69:845 ff.). This failure of their prophecies to come true 
shook their faith and caused the Ghost Dance almost to cease 
for a time in certain tribes. 

There is a peculiar religious disease variously known (ac- 
cording to its form and also tothe place where it is found) as 
lata, lattah, ikota and klikuschi. In America and South 
Africa it is found without the religious aspect. In this coun- 
try the people who are affected with it are called the ‘‘Maine 
Jumpers’’ or ‘‘Jumping Frenchmen.’’ According to Dr. Beard, 
who made a personal study of them (10:170-92), they are, as 
a rule, mere automata, obeying every command and imitating 
every action, regardless of danger to themselves or others.’ Con- 
sequently they suffer much at the hands of thoughtless or cruel 

_persons. Some of them who are hotel waiters have, when 
commanded, dropped dishes, or thrown glasses across the 
room; others have been made to strike their fists through 
glass doors, and even jump off high embankments. Similar 
tricks are played on the Javanese, who suffer from lata. Ac- 
cording to Mr. Havelock Ellis (p. 336) if one throws off his 
coat in the presence of a woman who is affected with this di- 
sease, she will immediately undress or do any other indecent 
act that she sees any one else do, yet, at the same time, she may 
be very indignant, and may all the while abuse the one who 
causes her to do such things. According to this same writer, 
a man who was subject to lata was playing with his child, 


1¥For much personal informatiou concerning the Jumping French- 
men, I am indebted to Mr. H. L. Brittain who lived among them in 
Canada. 
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when a bystander taking up a piece of wood began throwing 
it up and catching it; the father did the same. When the by- 
stander opened his arms and let the wood fall to the floor, the 
father, through irresistible imitation, opened his arms, and 
his child fell to the floor and was killed. 

It may be well in closing to summarize briefly what has been 
said in regard to the relation of the general mental condition, 
or tone of thought, to many of the epidemics considered, and 
to add to this some further illustrations. 

For centuries before the period with which we are primarily 
concerned, the minds of all had been steeped in superstition. 
‘Vulgar traditions and unreliable legends,’ says Fort (p. 
362), ‘‘repeated nightly around the blazing fires of each do- 
mestic hearth, or gravely narrated to awe-struck multitudes at 
fairs, public markets and on great church festival days, as- 
sisted in maintaining an unreasonable spiritual activity; the 
medizeval mind was held to an abnormal strain by the impos- 
sible narration written in monastic annals.’’ The imagination 
was kept at fever heat; miracles were supposed to be taking 
place every day; demonism was never questioned, and the ever 
increasing belief in witchcraft prepared the way for various 
other delusions. The breakings out in convents, of such fre- 
quent occurrence in the Middle Ages, were due to the mental 
food, to uninterrupted religious thoughts and practices, which, 
combined with the grossest superstitions, and accentuated by a 
life of solitude at times rendered the inmates of convents quite 
abnormal. It is safe to say that exaltation of spirit which 
came as a result of constant worshipand prayer, combined with 
the constant fear of persecution, prepared the way for the epi- 
demic martyrdom of the early Christian church. 

Fort, speaking of the dancing mania, says (p. 363): ‘‘Ardent 
fanaticism developed from abnormal religious frenzy and irra- 
tional social life and aggravated medizeval superstitions, con-— 
joined to extreme dread of swiftly destructive maladies, 
prepared the popular mind for the singular disease which 
swept through Germany in 1374.’’ By ‘‘swiftly destructive 
maladies’’ he probably meant the plague, primarily, for it had 
already returned several times since 1348. He may have re- 
ferred, also, to St. Anthony’s fire, that terrible disease which 
burned away the flesh, and let the joints drop apart, so that a 
limbless trunk might be found by the roadside praying for 
death or begging to be killed (24:I, 54). This disease, it is 
believed, turned the minds of many toward the Holy Land, 
z. é¢., inspired them with a desire to join in the crusades. It is 
possible that the English Sweat, another terrible disease, 
which occurred first in 1485, and returned four times by 1551, 
had considerable influence on the later epidemics. 
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When we come down to the beginning of the modern period, 
where we find remarkable examples of religious epidemics, 
especially in England, we find suitable mental food. There 
were political upheavals, confiscations and consequent ruin, 
want and brutal treatment; hatreds were intense, persecutions, 
cruel and bitter, and as a result, men’s minds gave way under 
the strain. Many lived on the borderland between sanity and 
insanity; and were in a proper mood to be influenced by re- 
ported prophecies and miracles which were so common at that 
time. Even the great revivals of the last century were, asa 
rule, preceded by prophecies of Christ’s second coming, or of 
the end of the world—reports that, when believed, move men 
as nothing else can. What the Rev. Mr. Eells says of the 
Shakers of Puget Sound, the Indian sect founded by a man 
who believed he had been to heaven, would apply equally well 
to the religious epidemics previously considered: ‘When 
superstitions, ignorance, dreams, imagination, and religion are 
all mingled together they make a strange compound,’’ and, he 
might have added, they produce strange results. 
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MATHEMATICAL PRODIGIES.’ 


By FRANK D. MITCHELL. 


The object of the present paper is threefold : 

(1) To give a summary of the mathematical prodigies * 
described in the literature of the subject, without, however, 
duplicating unnecessarily the work of previous writers. 

(2) To give a brief account of the writer’s own case, which 
is, it is believed, fairly typical, despite certain peculiar limita- 
tions to be described later, and which will shed light on cer- 
tain factors in mental calculation that have not hitherto re- 
ceived full recognition. 

(3) ‘To set forth a new theory of mental calculation, based 
upon the foregoing data, aud incidentally to criticise certain 
other theories hitherto advanced in this field. 


I. 


In view of the incompleteness of existing data in most cases, 
and the inaccessibility of some even of the existing sources of 
information, a complete history of the mathematical prodigies 
would be out of the question. We shall, therefore, simply at- 
tempt to give a reasonably complete list of those of whom defi- 
nite information is available, together with a statement of the 
significant facts known about them. A few names—that of 
Euler, for example—have been omitted on account of the ab- 
sence of any satisfactory data that would shed light on the 
theory of mental calculation; and no attempt has been made to 
collect the accounts of new prodigies found every now and then 
in the newspapers. Such accounts are not readily accessible, and 


1From the Psychological Seminary of Cornell University. 

2 By a ‘‘mathematical prodigy’’ we shall mean a person who shows 
unusual ability in mental arithmetic or mental algebra, especially 
when this ability develops at an early age, and without external aids 
or special tuition. We shall use the word ‘‘calculator”’ in the sense 
of ‘mental calculator,’? as a synonym for ‘‘mathematical prodigy,” 
and shall usually mean by ‘“‘calculation’’ ‘‘mental calculation,” un- 
less the contrary is clearly indicated by the context. A ‘‘professional 
calculator’’ will be taken to mean a mental calculator who gives pub- 
lic exhibitions of his talent. ‘‘Computer,’’ however, will be restricted 
to mean one who calculates on paper. All problems mentioned as 
solved by the mathematical prodigies will be understood to be done 
mentally, unless otherwise indicated. 
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are usually so popular and unreliable that they have little scien- 
tific value. 

There are several possible bases for a classification of the 
mathematical prodigies. We might group them chronologi- 
cally, as Scripture’ does; or by the extent of their power, as 
measured either by the size of the numbers they could handle 
or by the rapidity of their calculations; or by the degree of 
their mathematical ability, as shown by the character of the 
problems they solved and the processes they used. Or we 
might classify them according to memory type, as either vis- 
ual or auditory calculators. No one of these classifications, 
adhered to consistently throughout, would quite answer the 
purpose here, owing to the great unevenness of the material at 
hand in the case of the different calculators. An arrangement 
has therefore been adopted which is in part chronological, 
but which is modified by most of these other considerations. 
In this way, so far as the crossing of the different principles of 
division permits, those men are in the main brought together 
who are most naturally compared, and the important points of 
resemblance and difference come out more conveniently than 
if an abstractly logical arrangement were adopted. 

We begin, then, with Fuller and Buxton, who have much in 
common, and who are the first modern calculators about whom 
reliable data are available. Colburn, Mondeux, and Inaudi 
form the next group, followed by Zaneboni, Diamandi, and 
Dase. Then come the two Bidders and Safford, followed by 
Gauss and Ampére, and finaily those who may be called 
‘‘minor prodigies,’’ whether because of limited powers of cal- 
culation or because the available information is not sufficient 
for a more detailed account. 

Tom Fuller® (1710-1790), ‘‘the Virginia calculator,’’ came 
from Africa asa slave when about 14 years old. We first hear 
of him as a calculator at the age of 70 or thereabouts, when, 
among other problems, he reduced a year and a half to seconds 
in about two minutes, and 70 years, 17 days, 12 hours to sec- 
onds in about a minute and a half, correcting the result of 
his examiner, who had failed to take account of the leap- 
years.* He also found the sum of a simple geometrical pro- 


1In his article on ‘‘Arithmetical Prodigies,’’ in the American Jour- 
nal of Psychology, IV, 1891, pp. 1-59. We shall hereafter have fre- 
quent occasion to refer to this article, the only one in English in which 
a comprehensive study of the subject is attempted. 

2Scripture, op. cit., p. 2; Binet, Psychologie des grands calculateurs 
et joueurs d’échecs, 1894, p. 4; American Museum, V, 1789, p. 62. 
This last date is erroneously given by Scripture as 1799. 

8 Binet, op. cit., p. 5, notes that the harder problem was done in less 
time than the simpler one, and is inclined to suspect that the records 
are unreliable. But in the case of so slow and plodding a calculator 
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gression, and multiplied mentally two numbers of 9 figures 
each. He was entirely illiterate. 

Jedediah Buxton* (1702-1772) was very stupid even from 
boyhood. Though his father and grandfather were men of 
some education, he remdined illiterate all his life, and was 
of less than average intelligence; even the statement of a 
mathematical problem he comprehended, we are told, ‘‘not 
without difficulty and time.’’ In calculation he was, like 
Fuller, extremely slow; but he had a prodigious memory, and 
could retain long numbers for days or even months, so that 
he performed enormous calculations, which in some cases occu- 
pied him for weeks. On one occasion he mentally squared a 
number of 39 figures, in 2!4 months. His methods were origi- 
nal, but very clumsy; to multiply by 378, in one instance, he 
multiplied successively by 5, 20, and 3 to get 300 times the 
number, then by 5 and 15 to get a second partial product, and 
finally by 3, to complete the operation. Thus instead of add- 
ing two zeros to multiply by 100, he multiplied first by 5 and 
then by 20. This fact, together with his slowness, shows 
pretty clearly that his methods were of counting rather than 
multiplication, though we are told that he had learned the 
multiplication table in his youth. Hecould give from memory 
an itemized account of all the free beer he had had from the 
age of 12 0n. He was able to calculate while working or talk- 
ing, and could handle two problems at once without confusion. 
At a sermon or play Buxton seems to have paid no attention 
to the speaker’s meaning, but to have amused himself by 
counting the words spoken, or the steps taken in a dance, or 
by some long self-imposed calculation. He could call off a 
number from left to right or from right to left with equal facil- 
ity, and by pacing a piece of ground could estimate its area 
with considerable accuracy. 

Zerah Colburn* (1804-1840), the son of a Vermont farmer, 


as Fuller, little importance can be attached to such discrepancies, es- 
pecially since the times given are only approximate. Moreover, Ful- 
ler was at this time about 70 years old himself, and may therefore 
have had in his memory, already calculated, the number of seconds 
in 7o years. The times given seem to indicate that he used a process 
of modified counting, rather than multiplication in the ordinary 
sense. The importance of this distinction will appear later. 

1Scripture, of. cit., p. 3; Gentleman's Magazine, XXI, 1751, pp. 61, 
347; XXIII, 1753, p- 557; XXIV, 1754, p- 251. 

Also spelt Colborne. Scripture, op. cit., p. 11;,4 Memoir of Zerah 
Colburn, written by himself, Springfield, 1833; Philosophical Maga- 
zine, XL, 1812, p. 119; XLII, 1813, p. 481; Analectic Magazine, I, 
1813, p. 124; Carpenter, Mental Physiology, §205, p. 232; Cornhill 
Magazine, XXXII, 1875, p. 157; Belgravia, XXXVIII, 1879, p. 450; 
Gall, Organology, SX VIII, pp.84-7 (in On the Functions of the Brain, 
V, Eng. tr., Boston, 1835). Scripture gives two other references which 
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was regarded as a backward child until the end of his 6th year, 
when one day his father heard him repeating parts of the 
multiplication table, though the boy had had only about six 
weeks’ schooling. The father then ‘‘asked the product of 
13x 97 to which 1261 was instantly given in answer. He now 
concluded that something unusual had actually taken place; 
indeed he often said he should not have been more surprised, 
if some one had risen up out of the earth and stood erect before 
him.’’? The elder Colburn now took Zerah about the country, 
giving public exhibitions of the child’s powers in various cities. 
Colburn was thus the first professional calculator, in the sense 
already defined. From the list of questions answered by him 
at Boston, in the fall of 1810, and from the account in the body 
of the Memoir, it appears that even at this early date, only four 
months after the discovery of his talent, he was a good calcu- 
lator, though of course he improved with further practice. It 
is clear, therefore, that his powers had been developing for 
some time—to judge from other cases at least six months, if 
not a year—before they attracted his father’s attention. This 
may mean that he learned to count from his elder brothers 
and sisters,—the eldest was about seven years older than 
Zerah,—rather than from his own brief six weeks at school. 


Colburn’s preference for multiplication, the extraction of roots, 
factoring, and the detection of primes seems to have developed 
early; he never became as proficient in division as Bidder, for 
example, and, like most of the prodigies, he used addition and 


the writer has been unable to consult: The Amerian Almanac, 1840, 
p. 307, and the Medical and Philosophical Journal and Review, Ill, 
I8II, p. 21. Gall’s account, however, seems to be based upon this last 
article. 

1 Memoir, pp. 11-12. Scripture (op. cit., p. 12) is ‘tempted to ask 
for the authority on which the statements were made’’, and inclined 
not to ‘‘put too much faith in the figures’’, on the ground that Col- 
burn never speaks of himself as having any extraordinary power of 
memory for long periods of time. But the full passage as quoted 
above makes it clear that the father had told the incident repeatedly 
to awe-stricken listeners in Zerah’s hearing; moreover, the remem- 
bering of such a simple problem could hardly require ‘‘extraordinary 
power of memory’’ in a person used to mental calculation. Colburn’s 
feats in factoring large numbers are hard to explain except by sup- 
posing that he remembered at least those numbers which he had pre- 
viously examined and found prime. This would imply a rather 
considerable development of his memory for figures. At any rate, there 
is nothing improbable in his remembering the figures quoted in the 
text, even for some years after his calculating powers had declined. 

It may be noted that later in his article Scripture’s faith in Colburn’s 
memory increases; for on page 46 he thinks we can presuppose in the 
case of Colburn and certain others an extended multiplication table, 
perhaps even to loox100. Reasons for rejecting this supposition, in 
Colburn’s case at any rate, will appear later. 
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subtraction only incidentally, in the service of other operations, 
not for their own sake. In answering catch questions and in 
repartee he was moderately clever. 

In the spring of 1812 Zerah was taken by his father to 
London. Here, among other feats, he found mentally, by 
successive multiplication, the 16th power of 8 (= 281,474, 
976,710,656) and the roth powers of other 1-figure numbers, 
also, though with more difficulty, the 6th, 7th, and 8th powers 
of several 2-figure numbers. The square root of 106,929 (= 
327) and the cube root of 268,336,125 (= 645) were found 
‘‘before the original numbers could be written down.’’ He 
immediately identified 36,083 as a prime number, and found 
‘‘by the mere operation of his mind’’ the factors, 641 and 
6,700,417, of 4,294,967,297 (=2"-+1).’ 

While in London, Colburn learned to read and write, and 
later began the study of Algebra; but his education was subject 
to long interruptions, owing to the constant financial difficulties 
caused by his father’s lack of business ability. After visits to 
Ireland and Scotland, the Colburns went, in 1814, to Paris, 
where Zerah spent eight months at school, studying mainly 


1 Memoir, pp. 37-8, quoting from a prospectus printed in London, 
1813. From Colburn’s own account of his methods of factoring (pp. 
183-4), it appears that the only way in which he could immediately 
identify as prime such a number as 36,083 would be by remembering 
the result of a previous examination of it. Scripture (of. cit., p. 14, 
note) says that it ‘‘requires considerable faith’’ to accept the state- 
ment that Colburn factored 2%+1. But we are o/ told that he did it 
“instantly’’; a friend of Morse’s says simply, ‘‘almost as soon as it was 
put to him’’ (Scripture, doc. cit., quoting from a letter in S. I. Prime’s 
Life of Samuel F. B. Morse, p. 68; the reference is undoubtedly to 
this problem), while Carpenter (Mental Physiology, p. 233; the writer 
has not been able to find Carpenter’s authority for this statement) 
says, ‘“‘after the lapse of some weeks.’’ Even if the time was only a 
matter of some minutes, the feat is not incomprehensible. The 
smaller factor, 641, might easily have been hit upon by a lucky trial 
at a very early stage of the work. We read in Baily’s account (Ana- 
lectic Magazine, I, 1813, p. 124) that “any number, consisting of 6 or 
7 places of figures, being proposed, he [Colburn] will determine, with 
. . . expedition and ease, all the factors of which it is composed.’ 
Now 2%-+1 is only a 1o-figure number, or three figures longer than 
those Colburn was used to handling; and the smallness of the factor 
641 renders the problem much simpler than it at first appears. Since, 
then, the feat is entirely possible, and since it is cited by Colburn from 
the publicly circulated Prospectus of 1813, and is mentioned by at least 
one contemporary writer who was not acquainted with the Memoir, 
there is no reason for believing that Colburn fabricated the incident; 
especially since his limited mathematical knowledge would never 
have shown him the importance of this particular number. Had he 
been inventing out of whole cloth, he would have multiplied to- 
gether two prime numbers chosen at random, and would probably 
have made the smaller one at least a 4-figure, if not a 5-figure 
number. On the historical reliability of the Memoir see Appendix I. 
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French and Latin. Returning to England early in 1816, he 
entered Westminster School in September, under the patronage 
of the Earl of Bristol, making fair progress in the languages, 
and standing well in his class, in which, however, he was one 
of the oldest boys. He also studied six books of Euclid under 
a private tutor, but showed no marked geometrical aptitude. 
In 1819 his father removed him from school, and soon after we 
find him, at his father’s suggestion, unsuccessfully attempting 
the career of an actor and playwright. In 1822 he opened a 
small school, which ran for a year or more. His next occupa- 
tion was as a computer in the service of the secretary of the 
Board of Longitude. Shortly after his father’s death, in 1824, 
Zerah returned to America, and in December of 1825 joined 
the Methodist church, becoming a circuit preacher. After 
seven years of this occupation,’ being in need of funds to eke 
out his modest ministerial salary, he wrote the Memoir, carry- 
ing out a plan which his father and friends had had in view 
long before. In 1835 he resumed teaching, as ‘‘Professor of 
the Latin, Greek, French and Spanish Languages, and English 
Classical Literature in the seminary styled the Norwich Uni- 
versity.’’* He died in 1840. 

From this brief account of Colburn’s romantic career, it will 
be seen that his education, while much interrupted, was fairly 
good. He spent four or five years in the study of languages, 
for which he seems to have had a natural liking, and later was 
able to teach them. He began the study of algebra, but did 
not get beyond the elements of it; and he studied geometry, 
which he found easy but uninteresting, owing to the lack of 
any visible practical application. The literary style of his 
Memoir, though far from Addisonian, is always readable, the 
book is interesting throughout, and even the specimens of his 
poetry given in the appendix are not specially bad, all things 


17. e., in 1832 or 1833. Cf. Memoir, p. 31, ‘after possessing the 
talent twenty-two years’’, from August, 1810; p. 142, ‘‘nine years’ resi- 
dence here’’ in America, from June, 1824; p. 166, “twenty-two years 
ago’’, to 1810 or 1811; p. 167, ‘‘the last seven years that he has spent 
in the traveling connection’’, from December, 1825. These passages 
show that the Memoir was not begun, or at any rate had not reached 
the third chapter, before 1832, and was not completed until shortly 
before its publication in 1833. Scripture’s statement, therefore (of. 
cit., p. II, note ?), that “there is no statement regarding the time at 
which they [the Memoir(s)] were written, or even a date to the preface; 
the last year mentioned in the book is 1827’’, is decidedly misleading. 
The last date printed in figures, to be sure, so that it could be identi- 
fied by a cursory glance, is 1827; but the last date ‘“‘mentioned” is 
certainly 1832, if not 1833, even granting that all the periods of time 
above quoted are only approximate, and cannot be taken without an 
allowance of half a year one way or the other for possible error. 

? Scripture, op. cit., p. 16, quoting from American Almanac, 1840, p. 
307- 
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considered. The question of the historical reliability of the 
Memoir will be discussed later; for the present it will suffice to 
say that, on a careful reading, the book shows scarcely a trace 
of that self-glorification with which it has been charged by 
Scripture and Binet. 

Concerning the rapidity of Colburn’s calculations not much 
is known. The only series of problems whose times he gives 
us dates from 1811, before he was 7 years old, and so is hardly 
typical of his performances two or three years later when he 
was in his prime. The times indicated are fairly short, in 
most cases shorter than if the work had been done on paper by 
a good computer. The testimony of observers as to his ‘‘ex- 
traordinary rapidity’’ is of little value in the absence of definite 
figures; especially since some of his feats, notably the extrac- 
tion of square and cube roots and the finding of factors, were 
accomplished by the aid of extremely simple methods. Col- 
burn’s powers probably increased up to the time of his visit to 
Paris in 1814; but when he gave up his regular exhibitions, 
and became interested in other matters, he gradually lost much 
of his skill. There seems to be no authority, however, for the 
statement’ that after a time his powers left him entirely; in 
1823, at any rate, after a considerable period of disuse, they 
were readily revived for purposes of written longitude compu- 
tations. 

Of his methods of calculation Colburn has left us a very 
good account; the only calculator of whom we have a fuller 
account is Bidder,? whose methods closely resembled Colburn’s. 
Both men, in multiplication, began at the left, instead of at the 
right as we usually do in written computations; and both, by 
the aid of certain properties of the 2-figure endings® of the 


1Scripture, op. cit., p. 15. 

2Bidder’s account is more detailed, better written, and in more con- 
cise mathematical language than Colburn’s, as a result of Bidder’s 
superior educational advantages; it contains, furthermore, explana- 
tions of several of Bidders’s feats, such as the solving of compound 
interest problems, which would have been hopelessly beyond Col- 
burn’s powers. At the same time Colburn’s account is perfectly 
clear, to the non-mathematical reader perhaps even clearer than 
Bidder’s. In this matter, as in several others, Scripture is hardly 
fair to Colburn; thus he speaks of Colburn’s explanations as ‘“‘the 
least intelligible of all the explanations’’ (p. 50). It is no reproach 
to Colburn that he was excelled by Bidder; but he certainly deserves 
credit for what he did do, and one of the things he did was to write a 
very good account of his methods, over twenty years before Bidder 
followed his example. 

3By a 2-figure ending we shall mean the last two figures of any 
given number; thus 56 is the 2-figure ending of 3456, ot of 2401, 07 of 
7, etc. What properties of these endings were used by the mental 
calculators will be explained hereafter. 
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numbers used, were able to find with remarkable ease and 
rapidity the square and cube roots of exact squares and cubes, 
and also, though less rapidly, the factors of fairly large numbers. 

Colburn had two physical peculiarities that need to be men- 
tioned. (1) He possessed an extra finger on each hand and 
an extra toe on each foot. This peculiarity he shared with 
his father and two’ of his brothers. (2) In his early years 
his calculations were accompanied by certain bodily contor- 
tions, similar to those of St. Vitus’ dance. "They seem to have 
passed away rather early; Colburn himself has no recollection 
of them, and mentions them simply on the authority of per- 
sons who saw him when ‘‘quite a child.’’? 

Henri Mondeux* (1826-1862) was the son of a woodcutter 
near Tours. Sent to tend sheep at the age of 7, he amused 
himself by playing with pebbles, and thus learned mental 
arithmetic. Jacoby, a schoolmaster at Tours, hearing of him, 
sought him out, offered to instruct him, aud gave him his ad- 
dress in the city; but the boy’s memory outside mathematics 
was so poor that he forgot both name and address, and found 
the schoolmaster only after a month’s search. He received in- 
struction in arithmetic and other subjects, and in 1840 was 
exhibited before the Paris Academie des Sciences. In the 
committee’s report on him we are told that he ‘‘carries on 
readily in his head not only the various arithmetical opera- 
tions, but also, in many cases, the numerical solution of equa- 
tions; he devises processes, sometimes remarkable, for solving 


1Colburn says (Memoir, p.72), ‘‘his father and two of his [father’s] 
sons,’’ while the account in the Philosophical Magazine (XLII, 1813, 
pp. 481-2) says Zerah and three of his brothers. It has been assumed in 
the text that Zerah did not count himself, and that the other writer 
counted him twice; this is the simplest way of reconciling the two 
statements. The peculiarity had been in the Colburn femlly, we are 
told, for several generations. 

2 Memoir, p. 173. Scripture does not refer to this second peculiar- 
ity; but since Colburn mentions another mathematical prodigy with 
a similar affliction, and since Safford showed a striking nervousness 
in his early calculations, it has seemed worth while to mention the 
matter. Gall, probably quoting from the Medical and Philosophical 
Journaland Review article already cited, seems to refer to this nervous- 
ness when he says (op. cit., V, p. 86): ‘‘While he [Colburn] answers, it 
is seen, by his appearance, the state of his eyes, and the contraction of 
his features, how much his mind labors.’’ Colburn was not quite 7 
years old when seen by the writer of the article on which Gall’s ac- 
count is based. Gall himself, however, examined Colburn in Paris, 
probably in 1814. Cf. Memoir, pp. 76-7. 

%Scripture, op. cit., p. 21; La grande Encyclopédie, art. Mondeux; 
Cauchy’s report on Mondeux, in Comptes rendus hebdomadaires des 
séances de l’ Academie des Sciences, X1, 1840, pp. 840, 952; reprinted in 
Oeuvres Completes de Cauchy, 1* Série, 1885, V, p. 493, and in Binet, 
op. cit., pp. 14-22. The writer has been unable to consult the other 
references cited by Scripture. 
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a great number of different questions which are ordinarily 
treated by algebra, and determines in his own way the exact or 
approximate value of integral or fractional numbers which sat- 
isfy given conditions.’’ More specifically, he finds powers of 
numbers byrules of his own discovery which are equivalent to 
special cases of the binomial theorem; he has worked out form- 
ulas for the summation of the squares, cubes, etc., of the natu- 
ral numbers, and for arithmetical progression and other series; 
he solves simultaneous linear equations by a method of his 
own, and sometimes equations of higher degree, especially 
where the root is a positive integer; and he solves such prob- 
lems in indeterminate analysis as finding two squares whose 
difference is a given number. He ‘‘knows almost by heart 
the squares of all whole numbers under roo.’’ Learning a num- 
ber of 24 figures, divided into four 6-figure periods, requires 
5 minutes. Hecan solve a problem while attending to other 
things. 

Mondeux’s admirers hoped that he would one day distinguish 
himself in a scientific career; but this was not the case. Like 
his successor Inaudi, whom he closely resembles in several re- 
spects, he became a professional calculator; but he had no 
ability outside of mathematics, and even there his powers soon 
reached a limit beyond which they did not increase. He died 
in obscurity. If we may judge by the Academy report, he 
was almost the equal of Bidder in his insight into mathematical 
relations;} but on the numerical side he was far excelled by 
Inaudi, who could, for example, memorize 24 figures in half a 
minute, a feat for which Mondeux required 5 minutes. 

Jacques Inaudi* (b. 1867), an Italian by birth, passed his 
early years, like Mondeux, in tending sheep. An anecdote 
which Binet regards as rather doubtful indicates a possible 
prenatal influence in the direction of calculation; otherwise 
there is nothing noteworthy in his heredity. His passion for 
figures began about the age of 6, and at 7 he could carry on 
mentally multiplications of 5 figures by 5 figures. His educa- 
tion is very slight; he did not learn to read and write until he 
was 20 years old. Outside of mental calculation he has no 
special ability; his memory for most things except figures is 
rather poor, and he is often absent-minded. At last accounts 
he was still a professional calculator, living by public exhibi- 
tions of his talent. He visited the United States in 1901-2, 


1Just how much Mondeux owed to Jacoby’s teaching is hard to say. 
The writer has been unable to consult Jacoby’s Biographie d’ Henri 
Mondeux or Barbier’s Vie d’Henri Mondeux; Binet, however, who 
cites both these works, says that Jacoby’s lessons were ‘“‘sans grand 
succés.”’? (Op. cit., p. 14.) 

2Binet, op. cit., pp. 24-109, 199-204, et passim. 
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appearing in many of the larger cities, and is said to have 
been fairly well received by American audiences. 

Telling on what day of the week a given date falls is one of 
his favorite problems. The reduction of years, months, etc., to 
seconds he accomplishes almost instantly, knowing by heart 
the number of seconds in a year, month, week, or day. He 
solves by arithmetic problems corresponding to algebraic equa- 
tions of the first and sometimes of higher degree, also such 
problems as the resolution of a given 4- or 5-figure number 
into the sum of four squares. In these latter cases, however, 
he proceeds for the most part simply by trial, aided, of course, 
by his skill in calculation and his familiarity with many squares, 
cubes, and the like. At his regular performances the pro- 
gramme includes the subtraction of one 21-figure number from 
another, the addition of five 6-figure numbers, the squaring of 
a 4-figure number, the division of one 4-figure number by an- 
other, the extraction of the cube root of a 9-figure number and 
the 5th root of a 12-figure number, or such similar problems as 
may be proposed by the audience. As each number is an- 
nounced he repeats it slowly to his assistant, who writes it on 
the blackboard and then reads it aloud, to make sure there is 
no mistake. Inaudi then repeats the number once more, after 
which he devotes himself to the solution of the problem, mean- 
while making an occasional remark to keep the audience in 
good humor. Throughout the exhibition he faces the audience, 
never once looking at the blackboard. Actually he begins his 
calculation as soon as the numbers are given, and carries it on 
during the various repetitions of the numbers by himself and 
his assistant, so that by the time he seems to begin the solution 
he may be well advanced toward the answer. In this way he 
appears to work much more rapidly than he really does. 

Inaudi is a well-marked instance of the auditory ’ memory 
type. When hethinks of numbers, in calculation or otherwise, 
he does not see them ‘‘in his mind’s eye,’’ as arrays of dots or 
other small objects, or as written or printed figures; numbers 
are for him primarily words, which he hears as if spoken by 
his own voice, and during his calculations he almost always 
pronounces at least some of these words, either with partial 
distinctness or in a confused murmur. Any interference with 


1 Actually it would be more correct to call his type auditory-motor, 
and the same is probably true of most of the other auditory calculators 
we shall study, since a pure or non-motor auditory individual is rare. 
For convenience, however, the writer has followed Binet’s terminology. 
The meagreness of our information in most cases makes it difficult to 
tell just what part the motor element plays; and this is especially true 
when we are dealing with a limited field like calculation, where the 
motor element may often play a less important part than in certain 
other fields. 


inf 
; 
af 
A 
wat 
« 
me 
an 
pat 
> 
ae 


MATHEMATICAL PRODIGIES. 71 


this habitual articulation embarrasses him, and prolongs his 
calculation. He remembers a number very much more readily 
after hearing it than after seeing it; in fact, if a written num- 
ber is handed to him, he usually reads it aloud, in order to 
learn it by sound rather than by sight. Whether visual images 
are entirely absent is a purely theoretical question; itis at least 
clear that, if present at all, they play a negligible part in his 
mental computations. We shall later find reason to believe 
that this condition is by no means so rare as has been supposed. 
Owing to the traditions of English and French psychology, the 
visual theory of mental calculation has lain ready to hand, and 
has in the past found much apparent confirmation. But now 
that an unmistakably non-visual calculator is on record, it will 
no longer do to beg the whole question; we must insist on con- 
sidering each case upon its own merits, either settling it by 
definite evidence or leaving it frankly in doubt. We shall see 
later how much of the supposed evidence for the visual theory 
falls before a careful examination. 

One of Inaudi’s most marked characteristics is his powerful 
memory for figures. In one experiment he was able to repeat, 
after a single hearing, though with an effort, 36 figures, read 
off to him slowly in groups of three; but in the attempt to 


repeat 50 figures under the same conditions he became con- 
fused, and got only 42 ofthem correct. This latter number, 
42, Binet therefore takes as the limit of Inaudi’s power of 


acquisition, or ‘‘mental span,’’ under these conditions. In an 
experiment made to determine in what time he could learn 100 
figures read off to him in groups as often as requested, he 
learned the first 36 in a minute and a half, the first 57 in 4 
minutes, 75 in 5% minutes, and the whole roo (actually there 
were 105) in 12 minutes. On the other hand, he can repeat in 
order, at any time within a day or two, all the figures used in 
his last performance, whether in the statement of the problems, 
in the answers, or in the intermediate calculations. The num- 
ber of these figures at times runs as high as 300, and the total 
duration of the performance is usually not more than Io or 12 
minutes. Each new performance, however, blots out of his 
memory almost entirely the figures used in the previous one; 
but such constants as the number of seconds in a year, etc., as 
well as many powers and products, and any particular num- 
bers or results in which he for any reason takes a special in- 
terest, remain permanently with him. These facts show how 
important it is to take account of the conditions of such experi- 
ments if the figures established by them are to have scientific 
value. In an experiment lasting the same length of time as 
one of his regular exhibitions, but under very different condi- 
tions, Inaudi can learn only a third the number of figures he 
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remembers with ease under his usual conditions. In these 
public performances, however, each number in the problem as 
given is repeated several times (twice by Inaudi himself, and 
once each by his assistant and the proposer of the question), 
and the figures of the various calculations and the result have 
a logical connection in the problem. Moreover, the numbers 
are learned in relatively short stages, separated by intervals in 
which they can be assimilated.’ 

Concerning the rapidity of Inaudi’s calculations we have 
fairly full information,—so much fuller, in fact, than we have 
for any previous calculator, that no satisfactory comparisons 
can be made. Since the results of Binet’s experiments are 
readily accessible, a brief summary of them will here suffice. 
In each experiment the subject was given a written column of 
numbers, each of which was to be mentally increased or dimin- 
ished, multiplied or divided, by the same number; in other 
words, the addend, subtrahend, multiplier, or divisor was uni- 
form for the whole given column of numbers. The results 
were called off down the column as fast as obtained, and the 
average time for each single operation thus determined. These 
tests were made on some of Binet’s pupils, on Inaudi, and on 
four department store cashiers who were thoroughly practiced 
in addition, subtraction, and multiplication of small numbers, 
and could perform mentally 2-figure multiplications,’ and in 
some cases, though with difficulty, 3-figure multiplications. 
The students were of course considerably slower than Inaudi 
and the cashiers; but the cashiers, in dealing with the smaller 
numbers to which they were accustomed, were fully as rapid 
as Inaudi, in some cases slightly more rapid. In dealing with 
larger numbers, however, which exceeded the limits of their 
customary calculations, their inferiority to Inaudi was very 
marked. 


1 Mondeux, it will be remembered, required 5 minutes to learn 24 
figures, whereas learning this number of figures is a common incident 
of Inaudi’s exhibitions, and takes only half a minute. Here again, 
however, the results are not directly comparable. Mondeux learned 
the number in groups of 6 figures, and presumably from a paper or 
blackboard, while Inaudi always groups numbers in periods of three, 
and learns them by audition instead of vision. We shall refer later to 
a distinction which must be made between the direct and immediate 
remembering of figures which results from deliberately committing 
them to memory, and the very rapid and abbreviated automatic cal- 
culations which in some of the prodigies simulate direct memory. 
Recollection as the result of repeated calculation may form an inter- 
mediate stage in the passage of the latter into the former. These 
distinctions will become important in connection with the much 
discussed question whether, and to what extent, the mental calcula- 
tors possessed extended multiplication tables. 

2 By a 2-figure, or m-figure, multiplication will be understood here- 
after a multiplication in which each of the two numbers contains 2 
(or 2) figures, and the product 3 or 4 (2w—1 or 2m) figures. 
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Ugo Zaneboni* (b. 1867), an Italian, born in the same year 
as his countryman Inaudi, received a fair education. His in- 
terest in numbers began at the age of 12, and when 14 he 
could solve? any problem his teacher proposed to him. While 
serving his term in the army he was for a time stationed at a 
railroad depot, where he amused himself by gradually com- 
mitting to memory a vast body of statistics relating to time- 
tables, distances between different cities, population, tariffs, 
etc. When he later took to the stage as a professional calcu- 
lator, questions based on these statistics formed part of his 
regular programme. Among his other usual feats are the 
Tepetition, either forwards or backwards, of a memorized num- 
ber of 256 figures, the squaring of numbers up to 4 figures and 
the cubing of numbers up to 3 figures, finding the 5th powers 
of 2-figure numbers, and, conversely, extracting the 5th root 
of any number of 10 figures or less, the cube root of any 9-figure 
number, and the square root of any number of 7 figures or less, 
whether the given number is a perfect power or not. In these 
problems he is aided by his knowledge of many perfect squares, 
cubes, etc., as well as by various properties of 2-figure endings, 
with which he is thoroughly familiar. He possibly has a num- 
ber-form, in which the numbers from 1 to 10, from 10 to Ioo, 
and from 100 to 1000 are arranged along three horizontal lines. 
This number-form, however, if it really exists, plays little or 
no part in his actual calculations. 

Pericles Diamandi*® (b. 1868), the son of a Greek grain 
merchant, attributes his calculating gift to his mother, who 
‘*has an excellent memory for all sorts of things.’’ One brother 
and one sister, out of a family of fourteen, share his aptitude 
for mental arithmetic. He entered school at the age of 7, and 
remained there until he was 16, always standing at the head of 
the class in mathematics. But it was only after entering the 
grain business himself, in 1884, that he discovered his powers 
of mental calculation, which he now found very useful. He 
knows five languages,—English, French, German, Roumanian, 
and his native Greek,—and is a great reader; he has read all 
he can find on the subject of mental calculation; and he has 
written novels and poetry, concerning whose quality, however, 
Binet does not enlighten us. It will thus be seen that Dia- 
mandi’s education is much better than Inaudi’s, and his range 


1 Rivista sperimentale di Freniatria, etc., XXIII, 1897, pp. 132-159, 
407-429. A summary of these articles, in German, is found in the 
Zeitschrift fiir Psychologie und Physiologie der Sinnesorgane, XVI, 
1898, p. 314. The writer is indebted to Mrs. Rose Harrington for a 
translation of considerable portions of the original Italian articles. 

2 Mentally, it is to be presumed, though the article is not explicit 
on this point. 

3 Binet, op. cit., pp. 110-154, 98, 187 ff. passim. 
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of interests correspondingly wider, but that he was far less 
precocious in calculation than his rival. 

Diamandi is of the visual memory type. He has a number- 
form of a common variety, running zigzag from left to right, 
and giving most space to the smaller numbers. This number- 
form he sees as localized within a peculiar grayish figure, 
which also serves as a framework for any particular number or 
other object which he visualizes. He has colored audition for 
the names of various persons, the days of the week, etc., and 
if a few figures in a given number differ in color from the rest, 
he remembers the colors without effort. If the color scheme 
is more complicated, however, he first memorizes the number 
and then learns the colors of the individual figures. He 
always sees numbers as written in his own handwriting, and 
preferably, if the numbers are large, in a rectangle as nearly 
square as possible, rather than in one or two long lines. He 
learns spoken figures (in French) much less readily than writ- 
ten, since in the case of spoken figures he must not only call 
forth the corresponding visual images, but translate the num- 
bers into his native Greek, in which all his calculations are 
carried on. Where he seeks to learn the figures very accu- 
rately, for purposes of calculation, he is only about half as fast 
as Inaudi;’ but where he is concerned with speed rather than 
accuracy his times are much shorter. In the one case he 
learned ro figures in 17 seconds; in the other, 11 figures in 3 
seconds. 

In calculation Diamandi is considerably slower than Inaudi, 
whether the numbers concerned are large or small. His time 
was 127 seconds fora 4-figure multiplication, whereas Inaudi 
could accomplish the same feat in 21 seconds. Diamandifinds the 
various figures of the product in order, from right to left, by 
cross-multiplication; thus in such an example as 


46273 
729 
416457 
92546 
323911 
33733017 


he finds the figures of the partial products not in the horizon- 
tal lines of the ordinary method, but in vertical lines,—first 


1 Here again, however, we must be careful about direct comparisons 
of dissimilar data, since Diamandi learned from a paper and wrote 
out his results, while Inaudi depended on audition andspeech. More- 
over, Diamandi’s times were found to be subject to considerable vari- 
ation from day to day. 
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7, then 5, 6, then 4, 4, 1, then 6, 5, 1, etc..—and adds each 
column before he proceeds to find the numbers that compose 
the next column. ‘This method has the advantage that the 
various figures of the partial products can be forgotten almost 
as fast as obtained, since that figure of the total product which 
depends on a given column of the partial product is found and 
recorded as soon as the column is known, and the numbers in 
that column therefore play no further part in the calculation. 
On Diamandi’s performances in other operations than multi- 
plication Binet gives us no data. 

Johann Martin Zacharias Dase* (1824-1861) was born in 
Hamburg. Concerning his heredity we have no information. 
He attended school at the age of 2% years, but attributed his 
powers to later practice and industry rather than to his early 
instruction. He seems to have been little more than a human 
calculating machine, able to carry on enormous calculations 
in his head, but nearly incapable of understanding the princi- 
ples of mathematics, and of very limited ability outside his 
chosen field. In this respect he resembled Buxton; but in the 
rapidity and extent of his calculations he was incomparably 
superior to Buxton, or indeed to any other calculator on record. 
He multiplied together mentally two 8-figure numbers in 54 
seconds, two 20-figure numbers in 6 minutes, two 4o-figure 
numbers in 40 minutes, and two 1o0o-figure numbers in 834 
hours; he could extract the square root of a 60-figure number 
in an ‘‘incredibly short time,’’ and the square root of a 100- 
figure number in 52 minutes. All these times, with the ex- 
ception of that for the 100-figure multiplication, are probably 
more rapid, in some cases much more rapid, than those of a 
good computer using paper. Buxton, it will be remembered, 
once succeeded in multiplying two 39-figure numbers; other 
calculators, however, seem to have been unable to handle mul- 
tiplications much above 15 figures. But if there was any defi- 
nite limit to Dase’s powers, the experiments of which we have 
record do not show it. We shall later find reason for believ- 


1Also spelt Dahse. The full name is given on the authority of 
Brockhaus’s Konversations-Lexikon, ed. 1898, art. Dase. Scripture, 
following the title-page of Dase’s posthumously published Factoren- 
Tafeln (3 vols., 1862-5), gives the name as simply Zacharias Dase, 
which seems to be the way in which Dase usually wrote it. On Dase’s 
life and calculations see Scripture, of. cit., p. 18; Briefwechsel zwisch- 
en Gauss und Schumacher, Altona, 1861, III, p. 382; V, pp. 30, 32, . 
277-8, 295-8, 300-304; VI, pp. 27-8, 78, 112; Crelle’s Journal (Journal 
f. d. reine u. angewandte Mathematik), XXVII, 1844, p. 198; Zacha- 
rias Dase, Factoren-Tafeln, Hamburg, Vol. I, 1862, Preface; Schréder, 
Lexikon d. hamburgtischen Schriftsteller, 1851, art. Dase; Preyer, 
“Counting Unconsciously,’”? Pop. Sci. Monthly, XXIX, 1886, p. 221; 
Brockhaus’s Konversations-Lexikon, 1898, art. Dase. For other ref- 
erences see Scripture, /oc. cit. 
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ing that the 1oo-figure multiplication was not really a severe 
tax upon his powers of mental arithmetic. In short, Dase’s 
achievements so far transcend those of any other recorded cal- 
culator that he stands in a class by himself, unapproached by 
any of his rivals. 

At the age of 15 Dase began his public exhibitions, and con- 
tinued them for a number of years. He soon numbered among 
- his friends several eminent mathematicians, however, and their 
influence gradually led him more and more to devote his vast 
powers to the service of science.’ Among his (non-mental) 
computations are included the determination of the value of 7 
to 200 decimal places* by the formula 

| = tan tan tan ~ }, 
a labor of two months; the computation of the 7-place natural 
logarithms of the numbers from 1 to 1,005,000; and factor- 
tables for the 7th and 8th millions (except a small portion) 
and parts of the gth and 1oth millions. This last task, how- 
ever, was one in which his patience and perseverance were of 
more value than his skill in calculation, since, by methods to 
which Gauss was careful to call his attention, the work was 
made mainly mechanical. Dase had planned to carry the table 
through the roth million, but death cut short his labors. The 


1Scripture’s statement (op. cit., p. 19) that Colburn and Mondeux 
“enjoyed even greater advantages [than Dase,] yet failed to yield any 
results” in the service of science, is misleading. With both Mondeux 
and Dase the trouble seems to have been not lack of opportunity to 
acquire mathematical knowledge, but lack of native ability to use the 
opportunities they had. With Colburn, on the other hand, the trouble 
really was at least in part lack of opportunity; he certainly did not 
enjoy the opportunity to attend university lectures, nor did any emi- 
nent mathematician try ‘‘in vain for six weeks to get the first ele- 
ments of mathematics into his head”’ (zdzd., p. 18; Gauss-Schumacher 
Briefwechsel, 111, p. 382; V, pp. 32, 295), as in the case of Dase. More- 
over, Colburn’s description of his methods must be reckoned as an 
important contribution to the science of psychology, none the less 
important because it is somewhat inferior to Bidder’s later descrip- 
tion. For other instances of Scripture’s unfairness to Colburn, see 
Appendix I. 

2Scripture omits to mention any specific number of decimal places, 
though in both the references he gives (p. 18), to Crelle’s Journal 
and to the Gauss-Schumacher Briefwechsel, the number of decimal 
places is made prominent. The natural inference would be that 
Scripture regarded 7 as a commensurable number of exactly 200 deci- 
mal places; but in view of his frequent use of higher mathematics in 
his other published works, one hesitates to attribute to him so gross 
an error. Of course anybody, with a logarithm table and a little 
knowledge of geometry, can compute the value of r to three or four 
places; the record of such a computation is absolutely meaningless 
without specific mention of the number of figures to which the com- 
putation is carried out. 
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tables were completed by another hand, and published as far 
as the gth million in 1862-5. 

Dase had one other notable gift, doubtless related to his cal- 
culating power: he could count objects with the greatest rapid- 
ity. With asingle glance he could give the number (up to 
thirty or thereabouts) of peas in a handful scattered on a 
table; and the ease and speed with which he could count the 
number of sheep in a herd, of books in a case, or the like, 
never failed to amaze the beholder. Here, again, his powers 
are so far in advance of those of any other recorded person 
that he stands in a class by himself. 

George Parker Bidder’ (1806-1878), ‘‘the elder Bidder,”’ 
was the son of a stone-mason of Devonshire, England. The in- 
dications of hereditary influence are stronger in the Bidder 
family than in that of any other calculator. Bidder’s eldest 
brother, a Unitarian minister, had an extraordinary memory 
for Biblical texts, but no special arithmetical gift; another 
brother was an excellent mathematician and an insurance ac- 
tuary; a nephew early showed remarkable mechanical] ability; 
Bidder’s eldest son, George Parker Bidder, Jr. (hereafter re- 
ferred to as ‘‘the younger Bidder’’), inherited in considerable 
degree his father’s gift for mental arithmetic, together with his 
uncle’s mathematical ability, being seventh wrangler at Cam- 
bridge in 1858; and two daughters of the younger Bidder 
showed ‘‘more than average, but not extraordinary powers of 
doing mental arithmetic.’’ ? Other members of the family were 
distinguished in non-mathematical ways. 


1Scripture, op. cit., p. 23; Proceedings Institution of Civil Engi- 
neers, XV, 1855-6, p. 251; LVII, 1878-9, p. 294; Colburn’s Memoztr, p. 175; 
Phil. Mag., XLVII, 1816, p. 314; Spectator, LI, 1878, pp. 1634-5; LII, 
1879, pp- 47, III. 

2 Spectator, LI, 1878, pp. 1634-5. In this article the younger Bidder 
is referred to as Mr. G. Bidder; but his full name was the same as that 
of his father, George Parker Bidder. (C/. Jos. Foster’s Men-at-the- 
Bar, 2nd ed., London, 1885, and Zhe Law List, London, for 1882.) 
Scripture refers to both father and son, in different places, as George 
Bidder, and tothe son usually as George Bidder, Q. C., Mr. Bidder, Q. 
C., or the younger Bidder; by Bidder (unqualified) he always means 
the elder Bidder, except in one case (p. 28), where the context pre- 
vents any misunderstanding. After noting that the similarity of the 
two names has caused some confusion, he tell us (oc. cit.), somewhat 
dogmatically, that ‘‘the only way out of thedifficulty is to distinguish 
the son by adding his title [Q. C.].”” (Why would not the son’s A. 
B., or A. M., or his date of birth, or the father’s C. E., answer just as 
well?) 

Despite this device for avoiding difficulty, Scripture has fallen into 
sad confusion in dealing with the various members of the Bidder fam- 
ily. On p. 28 of his article he quotes from the Spectator (loc. cit.) the 
sentence: ‘If I perform a sum mentally, it always proceeds in a visi- 
ble form in my mind; indeed, I can conceive no other way possible of 
doing mental arithmetic’, omitting the comma after ‘‘mentally’’, but 
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At the age of 6 Bidder learned from an elder brother to count 
to 10, then to 100; this was the only formal instruction in fig- 
ures he ever received. From counting by units to counting 
by 10’s, and then by 5’s, was a natural development. He then 
set about learning the multiplication table up to 10x 10, with 
the aid of shot, marbles, etc., until, as he expresses it, the 
numbers up to 100 became his friends, and he knew all their 
relations and acquaintances. A year or so later his readiness 
in solving simple problems mentioned in his hearing attracted 
attention, and he acquired a considerable local reputation. 
Bits of mathematical information (such as that 10 x 100 means 
1000, etc. ) and halfpence contributed by his admirers conduced 
to the gradual development of his talent, aided by his natural 
keenness in reasoning about numerical relations; so that he was 
soon able to perform 4-, 5-, and 6-figure multiplications men- 
tally. Meantime he came to observe various interesting prop- 
erties of numbers,—the formulas for the sums of numerous 
series, casting out the g’s, short cuts in multiplication, proper- 
ties of squares and of 2-figure endings, and the like. As a 


correctly attributing the remark to the younger Bidder. On p. 57, 
however, he makes the same quotation, this time adding a superfluous 
“‘of’”’ after ‘‘conceive’’ and omitting the comma as before, but now at- 
tributing the quotation simply to Bidder (unqualified), meaning the 
elder Bidder, as the context unmistakably shows; for a little farther 
on he says, ‘‘This faculty was also inherited [transmitted?], but with 
a very remarkable difference. The younger Bidder [italics mine] 
thinks of each number in its own definite place in a number-form,’’ 
etc. ° 

But a worse confusion than this is still to be noted. The Spectator 
correspondence above cited, printed just after the elder Bidder’s death, 
moved another correspondent (Spectator, LII, 1879, p. 143) to quote 
from Brierley’s Journal for Jan. 25, 1879, the case of an eighteenth 
century Dissenting minister, the Rev. Thomas Threlkeld, who had a 
memory for Biblical texts similar to that of the elder Bidder’s brother. 
On the strength of this, Scripture tells us (p. 27): “One of his [the 
elder Bidder’s] brothers was an excellent mathematician and an 
actuary of the Royal Exchange Life Assurance Office. Rev. Thomas 
Threlkeld, an elder brother [!], was a Unitarian minister. He was 
not remarkable as an arithmetician, but he possessed the Bidder mem- 
ory and showed the Bidder inclination for figures, but lacked the 
power of rapid calculation. He could quote almost any text in the 
Bible, and give chapter and verse. [Here Scripture gives the correct 
reference for this last sentence, which is taken from the younger Bid- 
der’s letter, and refers to the brother of the elder Bidder.) He had 
long collected all the dates he could, not only of historical persons, 
but of everybody; to know when a person was born or married was a 
source of gratification to him.’’ Here we are given the correct refer- 
ence for this last sentence, which refers to the Rev. Thomas Threlkeld, 
and is from the later volume of the Spectator. Thus by a piece of 
carelessness, hard to excuse, Scripture has inextricably confused the 
brother of the elder Bidder with this Rev. Thomas Threlkeld, who, so 
far as we know, was related to the Bidder family only by common 
descent from Adam! 
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result of this ‘‘natural’’ algebra and number-theory he hit upon 
some ingenious methods of performing complex operations; in 
particular, by his 11th year he was already in possession of a 
method by which he could solve compound interest problems 
mentally in an amazingly short time, in fact, almost as rapidly 
as a good computer using a table of logarithms.’ Later, after 
his meeting and competitive test with Zerah Colburn, in 1818, 
he acquired great skill in the extraction of roots and the find- 
ing of factors, by methods similar to Colburn’s, but with im- 
provements of his own.’ 

Bidder’s reputation soon became more than local, and when 
about 8 years old he was exhibited in various places by his 
father, after the fashion so recently set by the Colburns. But 
Bidder’s admirers, more energetic than Colburn’s, actually 
raised a fund to pay for his education, and put him in school. 
Later on, when his father resumed the profitable exhibitions, 
friends once more intervened, this time with permanent suc- 
cess. The boy was placed with a private tutor, and in 1819 
attended classes in the University of Edinburgh, where he took 
a mathematical prize in 1822. ‘ Leaving the university in 1824, 
he held positions successively in the Ordnance Survey and in 
an assurance office. But by the advice of his friends he later 


decided to devote himself to civil engineering, and ultimately 
became one of the most successful engineers of his time. He 
was connected with several engineering undertakings of the 
first magnitude, and as a member of the Institution of Civil 
Engineers took a prominent part in the controversies then 


10n the mathematical side, if Prepresents the principal, r the in- 
terest (as a fraction of the principal, not as a percent.), and # the 
number of years, Bidder’s method amounted to the expansion of the 
expression P(1+7r)”, by the binomial theorem, to a sufficient number 
of terms to insure accuracy in the last farthing. The properties of 
several numerical series were skillfully utilized at different stages of 
the expansion. (Cf. Proc. Inst. C. E., XV, p. 267, for Bidder’s own 
account. ) 

2Colburn says of this meeting (Memoir, p. 175), ‘Some time in 
1818, Zerah was invited to a certain place, where he found a number 
of persons questioning the Devonshire boy. He [Bidder] displayed 
great strength and power of mind in the higher branches of arithmetic; 
he could answer some questions that the American would not like to 
undertake; but he was unable to extract the roots, and find the factors 
of numbers.”? Thus it would seem that Bidder’s mind was not strongly 
turned in the direction of this class of problems until after this meet- 
ing with Colburn, but that once he became interested in them he soon 
outstripped his rival. Strangely enough Scripture, after mentioning 
this passage from the Memoir in his general bibliography on Bidder, 
does not cite it in his account of the meeting of Colburn and Bidder, 
but refers only to the one-sided account of a London paper, which 
represents Bidder’s triumph as complete. For a further discussion of 
this meeting, see Appendix I. 
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before the profession. Constant use kept up his calculating 
powers, and in various railway and other contests before Par- 
liamentary committees his great command of statistics and 
keen powers of analysis made him a formidable witness. 

It would seem that Bidder’s powers of mental calculation in- 
creased steadily at least up to the beginning of his university 
days, if not later,’ and thereafter remained almost undimin- 
ished to the end of his life. Both in numerical calculations 
and in his study of higher mathematics he was interested in 
general principles, practical applications, and striking proper- 
ties, rather than in intricate analysis for its own sake, or cal- 
culations with numbers chosen merely for their length. At 
Edinburgh he maintained a good class standing in mathematics, 
including differential and integral calculus, but only by hard 
study.” In the solution of problems where special properties 
or symmetries played a part he was equalled, if at all, only by 
such great calculator-mathematicians as Gauss and Ampére. 
In division his skill was considerable. In multiplication he 
was able, on one occasion, to handle two 12-figure numbers, 


but only by ‘‘a great and distressing effort’’;* in general, he 


1In the Spectator, LII, 1879, pp. I1I-112, are given specimens of Bid- 
der’s feats during the years 1816-1819, with times of solution, also the 
London newspaper account of his meeting with Colburn to which ref- 
erence has already been made. Scripture (of. cit., p. 26) argues from 
this series that Bidder’s powers increased between 1816 and 1819. 
That this was the case can hardly be doubted; but it certainly is not 
proved by this series of examples. Even comparative times for an ex- 
pert computer solving these same problems on paper would prove 
nothing, since in several cases there are two or three different ways of 
doing the work, and possible short cuts which it is impossible to say 
whether Bidder noticed or not. Moreover, no two of the problems are 
alike. Perhaps the hardest problem of the lot is the compound in- 
terest question (1816, solved in 2 minutes) which is first in the list. 
The cube root of the 18-figure number (1819, 2 minutes) is far easier 
than it looks; for by this time, a year after his meeting with Colburn, 
Bidder was doubtless familiar with the application of 2-figure endings 
to these problenis, so that he had only to find the cube root of the first 
g figures by trial and approximation to get the first three figures of 
the root, then add on the last two by inspection from the last 2 figures 
of the given number, and find the missing 4th figure of the root by 
casting out the 9’s. The algebraic problem which was solved ‘‘in- 
stantly’” in 1819 was very simple, and was undoubtedly solved by 
inspection; the answer, 3, was, from the nature of the question, the 
most natural first trial, and hence no special credit belongs to this 
last feat. These considerations show how difficult it is to reach defi- 
nite conclusions from particular problems of this sort unless there is 
at hand specific knowledge of the detailed methods and short-cuts 
actually used in the examples under consideration, particularly of any 
special peculiarities of the given numbers whereby the solution may 
be facilitated. 

2 Proc. Inst. C. E., XV, p. 253; Spectator, Li, 1878, pp. 1634-5. 

8 Proc. Inst. C. E., XV, p. 259. In view of this explicit statement 
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did not cultivate his calculating power much beyond the limits 
of its practical usefulness to him. In his lecture ‘‘On Mental 
Calculation,’’ before the Institution of Civil Engineers,’ to 
which reference has already been made, Bidder has left us an 
excellent account of his methods of calculation. 

George Parker Bidder, /r.* (b. 1837), ‘‘the younger Bidder,’’ 
was the eldest son of G. P. Bidder. Practically the only in- 
formation we have concerning his powers of calculation consists 
of a few facts brought out in the Spectator correspondence 
already referred to. He was 7th wrangler of his year, and 
later a thriving barrister and Queen’s Counsel. He tells us 
that he was unable to approach his father in extent of memory 
and rapidity and accuracy of calculation; we have seen, how- 
ever, that the father, writing in his 50th year (after which his 
powers can hardly have shown any considerable increase), 
speaks only of multiplying 12 figures by 12 figures ‘‘on one 
occasion’’, by ‘‘a great and distressing effort’’, whereas the son 
was able, in several instances, to perform 15-figure multiplica- 
tions, though slowly and with occasional errors. That the 
younger Bidder’s method of multiplication was, like Dia- 
mandi’s, cross-multiplication, we may infer from the fact that 
he incorrectly attributed this method to his father. Of the 
son’s other feats in calculation, and of the degree of his pre- 
cocity in this field, we have no knowledge. He was of visual 
memory type, and possessed a number-form running from right 
to left, the numbers up to 12 being arranged in a circle as on a 
clock. He declared that his calculations ‘‘proceed in a visible 
form’’ in his mind, and that he ‘‘can conceive no other way 
possible of doing mental arithmetic,’’ which, as Proctor points 
out,* is a rather strange remark. Unlike most of the other 
calculators, he employed a mnemonic system instead of natural 
memory in remembering numbers. He could play two games 
of chess blindfold simultaneously. 

Truman Henry Safford* (1836-1901) was, like Zerah Col- 
burn, the son of a Vermont farmer; but both his parents were 


from Bidder himself, his son and Elliot seem to be wrong in attribu- 
ting to him (Spectator, 1878, p. 1634) great facility in 15-figure multi- 
plications. The son’s statement that his father used cross-multiplica- 
tion is likewise at variance with the father’s explicit account of his 
method of multiplication (Proc., XV, p. 260). 

1 Proceedings, XV, pp. 251 f. 

2 Referred to by Scripture as George Bidder, Q. C. Scripture, op. cit., 
p- 28; Spectator, LI, 1878, pp. 1634-5; Galton, /nguiries into Human 
Faculty, pp. 133-4, and Plate I, 20, opp. p. 380. 

8 Belgravia, XXXVIII, 1879, p. 461. 

‘Scripture, of. cit., p. 29; Appleton’s Cyclo. of Am. Biog., art. 
Safford; Chambers’s Edinburgh Journal, N. S. VIII, 1847, p. 265; 
Belgravia, XXXVIII, 1879, p. 456. 
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former school-teachers, and persons of some education. The 
father had a strong interest in mathematics, and the mother, 
we are told, was of an ‘“‘exquisite nervous temperament.’’ 
Young Safford showed a remarkable all-round precocity, simi- 
lar to that of Ampére. In his 3rd year ‘‘the grand bias of his 
mind was suspected’’; later his parents ‘‘amused themselves 
with his power of calculating numbers’’; and when he was 6 
years old he was able to calculate mentally the number of 
barleycorns, 617,760, in rog0 rods. At the age of 7 he had 
‘‘gone to the extent of the famous Zerah Colburn’s powers.’’ 
About this time he began to study books on algebra and 
geometry, and soon afterwards higher mathematics and astron- 
omy. Wanting some logarithms, he found them himself by 
the formulas; and in his roth year he published an almanac 
computed entirely by himself. The following year he pub- 
lished four almanacs, one of which, computed for Cincinnati, 
at once reached a sale of 24,000 copies. In this almanac he 
used a new and original rule for obtaining moon risings and 
settings, accompanied by a table which saved a quarter of the 
work of their computation. About this time he also discov- 
ered a new rule for calculating eclipses, with a saving of one- 
third in the labor of computing. 

Such feats at once made the boy a public character, and in 
the same year (1846) he was examined by the Rev. H. W. 
Adams, a skillful mathematician. He solved a number of diffi- 
cult algebraic problems, doubtless in the main by algebraic 
methods rather than by the trial and error method of most of 
the other prodigies. Problems in the mensuration of solids 
caused him no trouble, though in one case, where the answer 
was a 12-figure number, he ‘‘used a few [written] figures.’’ 
He extracted the cube roots of 7-figure exact cubes ‘‘in- 
stantly,’’ doubtless by the use of 2-figure endings. Finally, 
he squared 365,365,365,365,365,365, entirely in his head, 
in ‘‘not more than one minute,’’’ though with evident effort. 
A three-hour examination convinced Adams that the boy had 
mastered and gone beyond all his text-books. 

Like Ampére, Safford had a wide range of interests, and an 
encyclopedic memory. Chemistry, botany, philosophy, geog- 
raphy, and history, as well as mathematics and astronomy, 


1All these quotations are fromthe Chambers’s Journal article cited 
above. The last problem is there given as 365,365,365,365,365 x 365, 
365,365,365,365,365, #. a I5-figure number maltiplied by an I 
figure number; but since the answer contains 36 figures, it is obvious 
that another 365 is omitted from the first number, and that the prob- 
lem was the squaring of an 18-figure number. The repetition of the 
same figures, however, greatly simplified the work, there being only 
three different partial products. Scripture carries over the ty pograph- 
ical error without comment, evidently not noticing it. 
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were included in his field of study. He took his degree at Har- 
vard in 1854, and became an astronomer. After holding vari- 
ous positions he became professor of astronomy in Williams 
College in 1876, where he remained until his death in 1gor. 

Safford early outstripped Bidder in range of mental calcula- 
tion, but with the aid of books, whereas Bidder’s methods were 
entirely of his own discovery. It is to be regretted that we 
have not more detailed information about Safford’s calcula- 
tions;' but except for the examination whose results have been 
given above, all we can say is that later he acquired consider- 
able skill in factoring large numbers, seeming to be able to 
recognize almost at a glance what numbers were likely to divide 
any given number, and remembering the divisors of any num- 
ber he had once examined.’ 

André Marie Ampere* (1775-1836), like his successor Saf- 
ford, showed all-round precocity, a wide range of interests, and 


1The Chambers’s Journal article is written in rather florid style, and 
in a tone of admiration almost verging on awe. The Rev. H. W. 
Adams, who is there said to have been a skillful mathematician, was 
by no means as critical an examiner as might be wished. Thus while 
he tells us that several of the problems given were among the hardest 
in Davies’ Algebra, he later notes that Safford already owned this 
work and had fully mastered it, hence had seen all these problems 
before. The times indicate, to be sure, that Safford calculated the 
answers afresh; but the test is not as satisfactory as if the problems 
had been entirely new to him. The times given, too, are mostly in 
the form ‘‘about a minute,’’ and in definiteness leave much to be de- 
sired. The big number selected for the grand final test was about as 
unsuitable for the purpose as any that could well have been chosen. 
Not only in the recurrence of the same three partial products, but in 
the repetition of the same group of figures within each partial prod- 
uct, the problem is so artificially simple that it proves almost noth- 
ing concerning Safford’s power of multiplication. The number 365, 
too, owing to its connection with the calendar, is especially easy to 
remember. Adams speaks of the “long and blind sums’’ which Saf- 
ford remembered after a single hearing; but apart from this simple 
18-figure number (which would not overtax the memory of any child 
who could keep in mind 365 and count six), the longest numbers in 
the statement of any of the problems mentioned in the article were of 
7 figures. Now a normal boy of 13 can, on the average, retain 8.8 
figures after a single hearing, and a boy of 11, 65 figures. Hence, 
while Safford’s memory for figures was probably above the ——— 
the fact is not satisfactorily proved by Adams’ examination. (C/. 
American Journal of Psychology, Il, 1889, p. 607. The figures are 
erroneously quoted by Scripture, p. 41, as 8.6 for boys of I9 years, 
instead of 8b for boys of 13 years.) The fact that the answers to 
some of the problems were longer numbers is not relevant here; for, 
as we shall see later, there is an important distinction between figure- 
memory as such, and memory as it stands in the service of calculation. 

Belgravia, XXXVIII, 1879, p. 456. 

2Scripture, op. cit., p.6; Arago’s Eloge d’Ampére, tr. in Smithso- 
nian Report, I, 1872, p. 111. The writer has been unable to consult 
the other references which Scripture cites. 
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an omnivorous memory. He learned counting at the age of 3 
or 4, by means of pebbles, and was so fond of this diversion 
that he used for purposes of calculation pieces of a biscuit 
given him after three days’ strict diet. He became a noted 
mathematician, and was also prominentin several other direc- 
tions. Of his mental calculations, however, we have no specific 
information; his later achievements so overshadowed his early 
gift that his biographers are silent about it, and his case sheds 
little light on the problems connected with the subject. 

Carl Friedrich Gauss* (1777-1855) was the son of a poor 
family; a maternal uncle of his, however, was a man of consid- 
erable mathematical and mechanical talent. When not quite 
3 years old, Gauss, according to an anecdote told by himself, 
followed mentally a calculation of his father’s relative to the 
wages of some of his workmen, and detected a mistake in the 
amount. Entering the gymnasium at the age of 11, he mas- 
tered the classical languages with incredible rapidity. In 
mathematics he was not only head of the class, but soon out- 
stripped his teachers. At the age of 10 he was ready to begin 
the study of higher analysis, and at 14 he could read the works 
of Euler, Lagrange, and Newton. He became one of the fore- 
most mathematicians of his time. His Désguisttiones Arith- 
metice, published at the age of 24, is practically the founda- 
tion of the modern theory of numbers. 

Concerning Gauss’ mental calculations we have for the 
most part only general information. His power seems to have 
lasted all his life, and to have exceeded that of any other cal- 
culator except Dase. He had a “peculiar sense for the quick 
apprehension of the most complicated relations of numbers,’’ 
and ‘‘an upsurpassed memory for figures,’’ and used from 
memory the first decimals of logarithms in his mental opera- 
tions. He was especially fertile in inventing new artifices and 
methods of solution. 

MINOR PRODIGIES.—In the following list are grouped a few 
calculators about whom too little is known for an extended 
aceount, but who present one or more points of interest. 

The Daughter of the Countess of Mansfield* (b. about 1804) 


1The writer has followed Scripture’s account of Gauss (of. cit., p. 
7), not having access to the sources there cited. 

2Gall, op. cit., V, p. 88; Colburn, Memoir, p. 174; Scripture, op. 
cit., p. 32. The reference to the Med.and Philos. /l.and Rev. given by 
Scripture can hardly be correct, since the young lady, being about 
Colburn’s age, was in 1811 only 60r7 years old, and could hardly 
have had an American reputation. The exact words in Scripture’s 
text are found in Gall’s Organology; the Jl. and Rev. reference prob- 
ably refers to Mr. Van R., of Utica. In fact, all the notes to page 32 
of Scripture’s article are incorrect except a few of those to Gall, where 
the absence of a page reference covers up the inaccuracy. The trou- 
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was seen by Spurzheim in London at the age of 13, at which 
time she ‘‘extracted with great facility the square and cube 
roots of numbers of nine places.’’ Whether this refers only to 
perfect squares and cubes cannot be decided. Colburn speaks 
of her simply as displaying, in 1812, at the age of 8 or there- 
abouts, ‘‘a certain degree of mental quickness [in calculation] 
uncommon in her sex and years.’’ Except for Bidder’s two 
granddaughters, whose powers were but little above the aver- 
age, she is the only girl calculator on record. 

Richard Whately’ (1787-1863) began to calculate at the age 
of 5, and retained the power for about three years; he probably 
surpassed Colburn, but did not happen to hit on Colburn’s 
favorite problem of extracting square and cube roots. When 
he went to school the power left him, and at ciphering he was 
always ‘‘a perfect dunce.’’ 

Mr. Van R., of Utica,* like Whately, developed a gift for 
calculation at an early age (6 years), but lost it at the age 
of 8. 

Dr. Ferrol® (b. 1864) has.a sister about a year his elder, 
who shares his gift for mental calculation. His father was an 
architect and a good reckoner, and his mother’s mind was 
occupied with architectural computations at the time of the 
birth of these two children; whether this prenatal influence 
had any effect on their mental powers cannot be determined. 
Ferrol’s gift showed itself at an early age, but as soon as he 
learned the elements of algebra, at the age of 1o, he de- 
veloped a preference for mental algebra instead of mental 
arithmetic. He was head of his class in mental arithmetic, but 
below the average in all other studies. He isa remarkably 
poor visualizer. His processes are ‘‘intuitive’’; the answer to 
a problem, he tells us, comes ‘‘instantly,’’ and is always cor- 
rect. His general memory is probably about normal; his 
figure memory depends on mnemonics. 

A blind Swiss mentioned by Johannes Huber‘ not only solved 


ble seems to be due to a transposition; note! should be note’ and all 
the others should be moved up a line, * becoming}, etc. Colburn’s 
account of the daughter of the Countess of Mansfield is quoted in full 
in Appendix I. 

1Scripture, op. cit., p. 10. The writer has been unable to consult 
the Life of Whately there cited. By an inadvertance, Scripture, on 
P. 57, gives the age of Whately’s first calculations as 3, whereas, on 
p. 10, the statement is ‘‘between five and six.’’ 

2Gall, op. cit., pp. 87-8, quoting Med. and Philos. Jl. and Rev., Ill, 
N. Y., 1811. Gall mentions several other calculators, but it has not 
seemed worth while to enumerate them all here. 

8p. J. Mobius, Die Anlage zur Mathematik, 1900, p. 73. The name 
is given simply as ‘‘Dr. Ferrol’’; we are not told whether he is an M. 
D., or what are his initials. 

4 Das Gedéchiniss, Munich, 1878, p. 43. 
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the most difficult problems, but could repeat a series of 150 
figures either forwards or backwards after a single hearing, or 
name at once the 3oth or soth figure, ¢. g., from either end. 
Before becoming blind he had been a man of very weak 
memory; but afterwards, busying himself with exercises in 
calculation, he discovered a very simple method of dealing 
with the largest numbers, and tried to sell his secret in Eng- 
land for a high price.’ 

Vito Mangiamele’ (b. 1827), the son of a Sicilian shepherd, 
himself tended sheep, and when examined by the Academie 
des Sciences, at the age of 10, answered several questions, 
among them the cube root of 3,796,416 (=156), which he 
found in half a minute. Cauchy, in his Academie report 
on Mondeux, already cited, complains that Mangiamele’s mas- 
ters have always kept secret the boy’s methods of calculation; 
it is not clear whether this means that they knew and refused 
to tell, or that the boy himself was unable to enlighten them. 
He was quite uneducated. A brother and a sister of his were 
also noted calculators. 

Prolongeau® (b. about 1838), at the age of 634, solved men- 
tally with great facility problems relating to the ordinary 
operations of arithmetic, and to the solution of equations of 
the first degree. 

Grandmange’* (b. about 1836), born without arms or legs, 
performed, mentally, very complicated calculations and solved 
difficult problems. 

Mathieu le Cog’ (b. about 1656), an Italian boy, ‘‘at the 
age of 6, without knowing how to read or write, commenced 
to perform all the most difficult operations of arithmetic, such 
as the four elementary operations, the rule of three, partner- 
ship (compagnie), square and cube root, and that, too, as 
soon as the question was put to him.’’ He learned to calcu- 
late by stringing beads. 

Vincenzo Succaro® (b. 1822), a Sicilian, appeared in public 
as a calculator at the age of 6, received a good education, but 
showed no special mental ability outside of calculation. 


‘Euler, it is well known, possessed considerable powers of mental 
calculation after becoming blind; but to what extent he had the 
power before his blindness, and just what feats he could perform, the 
writer has been unable to discover. 

2Comptes rendus hebdomadaires des séances de l’ Academie des 
Sciences, 1V, 1837, p. 978; Riv. sper. di Fren., XXIII, 1897, p. 434. 

. R. Acad. des Sct., XX., 1845, p. 1629. 

*Tbid., XXXIV, 1852, p. 371. 

5Binet, op. cit., p. 3; Rtv. sper. di Fren., XXIII, 1897, p. 430. 

®The source for the remaining calculators is the Riv. sper. di Fren., 
XXIII, 1897, pp. 429f. A summary of this article in German is found 
in _ Zeits. 7. Psy. u. Physiol. d. Sinnesorgane, XVI, 1898, pp. 
317-8. 
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Giuseppe Pugliese (b. ‘‘a little later’’), also a Sicilian, took 
to the stage at the age of 5, and was exhibited in Italy and 
Germany. An attempt was made to teach him Geometry; 
but he was unable to deal with geometrical forms. 

Luigi Pierint (b. 1878) learned late to speak and to walk, 
suffered from many children’s diseases, and was an epileptic. 
He tended sheep, and thus learned to count. He developed 
a remarkable talent for mental arithmetic, and at an early age 
became a professional calculator. 


II. 


The writer will now give an account of his own case, which 
differs in three respects from those hitherto considered: 

(1) The power is almost confined to dealing with the last 
two figures, or 2-figure endings, of the numbers used. It is 
readily seen that, with certain limitations in division and evo- 
lution, the last two (or 2) figures of the numbers used in a 
given problem determine the last two (or ~) figures of the an- 
swer, no matter what the preceding figures may be. Now the 
writer’s mental calculations take the form almost exclusively of 
tracing the last two figures through the different operations, 
ignoring all the other figures. This evidently simplifies the 
work immensely. 

(2) By a further specialization, the problems which he solves 
most often and most readily are of the general form of finding 
the last two figures of any power (or integer root) of any 
number. 

(3) Finally, he has a strongly marked preference for work- 
ing with even numbers. By a special method, to be explained 
later, he practically always changes odd numbers into even 
numbers for purposes of calculation, where only the last two 
figures of the answer are required; the even number thus ob- 
tained is readily converted into the desired odd number by 
very simple rules. 

It will thus be seen that the writer’s calculations are highly 
specialized, and in extent perhaps not comparable to those of 
any calculator heretofore considered. At the same time, some 
of these specializations are found in other calculators; and 
in the general features of its development the writer’s case is 
typical of many or most of the others, and will, it is hoped, 
throw light on several points which have hitherto not been 
fully understood. While many of the details are in themselves 
of little importance, they will serve to illustrate the sort of 
numerical properties which not only facilitate mental calcula- 
tion, but arouse the interest of the calculator, and hence furnish 
the motive for continued practice until the calculating habit 
becomes firmly established. 
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In the matter of heredity the only circumstance that need 
be mentioned is that the writer’s younger brother has shown 
rather more than average ability as a chess-player, and has, on 
a few occasions, played a game blindfold; but by what psycho- 
logical processes, or to what extent the power could be in- 
creased by further practice, cannot be stated. Nor need the 
writer speak of his school and college work, except to say that 
while he has always been fond of mathematics, it has no better 
claim than two or three other subjects to be called his favorite 
study. 

His interest in mental calculation dates from the time he 
learned to count, at the age of 4, or possibly 3.1 He learned 
to count to 10, then to 100, then beyond, and also to count by 
2’s, 3's, etc. Now in these latter series 2x2, 2x2x2, 3X3, 
3X3X3, etc., in short, the powers of the number by which he 
was counting, were natural resting-places, and awakened his 
interest, so that before long he began to count in the power 
series of different numbers (2, 4, 8, 16, 32, etc., 3, 9, 27, 81, 
etc.) for considerable distances. At first he simply empha- 
sized the powers as they occurred in the complete series of 
multiples, but gradually he learned to omit the intermediate 
multiples, and simply count in the power series proper: 2, 4, 8, 
16, etc., 3, 9, 27, 81, etc. But almost always, when the num- 
ber exceeded 100, he emphasized the last two figures, and 
gradually got into the habit of ignoring all the others. Thus 
instead of saying 3, 9, 27, 81, 243, 729, 2187, etc., he usually 
counted 3, 9, 27, 81, 43, 29, 87, and in this simplified form 
counted along the different power series for considerable dis- 
tances. Multiplication naturally grew out of this counting 
process; but it was really counting rather than multiplication 
proper, since he did not learn the multiplication table until 
some time later, when he went to school. Thus to find 9x7 
at this time he would count 9g, 18, etc., to 63; and even now, 
except within the limits of the multiplication table as he 
learned it to 12x12, his mental multiplications are abbreviated 
countings of this sort (skipping most of the intermediate links) 
rather than true multiplications. We have already seen reason 
to suspect that neither Buxton nor Tom Fuller really got be- 
yond this counting process into true multiplication, 7. ¢., with 
the use of a memorized multiplication table. 

In the course of these calculations or countings, a number of 
properties gradually attracted the writer’s attention; such as 
that every power of a number ending with o or 5 ends with o 


1Unfortunately, definite dates cannot be given. The power devel- 
oped very slowly, never really becoming important for any but psy- 
chological purposes, so that no one but the writer himself knew of its 
existence until a much later date. 
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or 5, that the 4th power of any other number ends with 1 or 6, 
according as it is odd or even, that the 5th power ends with the 
same figure as the rst, the 6th with the same figure as the 2nd, 
etc.; and that if76, or any numberending with 76, is multiplied 
by a multiple of 4, the last two figures of the product are the 
same as those of the multiplier (e. g., 76x12=912). Then he 
noticed that the ending’ 76 occurs at various points in the 
power series of different numbers (the 5th power of 6, the 4th 
power of 32, the 2nd power of 24, the roth power of 4, the 
2oth power of 2, etc.,),and that from these points the series of 
endings repeats, except that in some cases the ending of the 
next power will differ by 50 from that of the original number. 
Thus the endings of the first 20 powers of 2 are 02, 04, 08, 16, 32, 
64, 28, 56, 12, 24, 48, 96, 92, 84, 68, 36, 72, 44, 88, 76; the 21st 
is 52 instead of 02; but the 22nd is 04, like the 2nd, and there- 
after the endings recur in regular order. Finally it turned out 
that the 20/h power of every even number (not ending with o) 
had the ending 76, and that odd numbers had a similar prop- 
erty, the 20th power euding being, however, o1 instead of 76, 
and even the 21st power being always the same as the Ist, 
except for multiples of 5. 

After discovering these and similar properties, the writer 
found it a simple matter to find the last two figures of any power 
of any number, by counting along the proper series. The process 
was always, however, of the counting type already indicated. 
Thus to find the 8th power of 3 the process would be 3, °, 9,*, 
27, %, 81, 43, 29, 87, 4, 61; e., he would count up to 
a power of 3, then by this power to the next, and so on, but 
passing very lightly over the intervening multiples, and in 
time learning to omit them altogether. In fact, before long 
the process came to be simply, 7, 9, 81, 67, 7. ¢., simply 
squaring each number to get the next, the intermediate count- 
ings taking place so rapidly and automatically as hardly to 
appear in consciousness at all, except as brief ‘‘flashes.’’ And 
even these ‘‘flashes’’ may sometimes be almost absent, so that 
— the 3 and the 61 stand out, the rest remaining a mere 

lur. 

It happened that about the time he learned to count, and for 
perhaps two or three years thereafter, the writer was frequently 
ill. This, of course, left a large amount of time free for his 
calculating exercises, and probably had not a little to do with 
strengthening his bent in that direction. 

We come now to the third peculiarity mentioned above: the 
writer’s preference for even numbers. An examination of the 


1The term ‘‘ending’”’ (unqualified ) will hereafter be taken as synon- 
ymous with ‘‘2-figure ending.” 
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following table of the endings of certain products will form 
the best introduction to this subject. 


07 32 57 82 
23 | 61 36 II 86 
48 | 36 36 36 36 
36 61 86 
98 | 86 36 86 36 


It will be observed that the numbers at the left, 23, 48, 73, 98, 
differ in pairs by 25, and so with the numbers at the top, 07, 
32, 57, 82; and that in each case there is one multiple of 4 
(48, 32), one odd multiple of 2 (98, 82), one number of the 
form 4c+1 (73, 57), and one number of the form 4c—1 
(23, 07). Nowthe 16 numbers in the body of the table, it will 
be seen, all belong to a similar series, 11, 36, 61, 86. If either 
of the factors is a multiple of 4, the product has the ending 
36, as shown by the 2nd line and the 2nd column; if both are 
odd multiples of 2 (98, 82), the product again ends with 36; if 
one is an odd multiple of 2 (98, 82), and the other an odd 
number, the product has the ending 86, =36-+50. Finally, if 
both numbers are odd, the ending of the product is 36+25, 7. ¢., 
either 11 or 61:— 61 (a number of the form 4c+1) if the num- 
bers multiplied are either both of the form 4c+-1 (73X57), or 
both of the form 4c—1 (23X07); and 11 (a number of the 
form 4c—1) if one of the factors is of the form 4c-+1 and the 
other of the form 4c—1 (73X07, 23X57). Thus by applying 
a few simple rules, any one of the 16 products in the table can 
be made to depend on the single product, 48x 32, of the two 
multiples of 4 in the table. Hence to find the ending of the 
product of two odd numbers, change each into a multiple of 4 
by adding or subtracting 25, multiply these multiples of 4 to- 
gether, and then add or subtract 25, as the case may require, 
to get the answer. A similar principle obviously applies to 
the power series of any odd number; simply find the required 
power of the corresponding even number, and then either add 
or subtract 25. 

Now these properties early attracted the writer’s attention, 
and he soon got into the habit of transforming odd numbers 
into even numbers in practically all his calculations. The 
result was that (if we leave out of account multiples of 5, 
which belong to a class by themselves and are very easy to 
multiply) the whole of multiplication, so far as the endings 
were concerned, was reduced to the 200 possible products of 
any two of the 20 numbers 04, 08, 12, 16, 24, 28, 32, 36, etc.; 
whereas in order to do the same work without this transforma- 
tion, the 3200 combinations of the whole eighty 2-figure end- 
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ings prime to 5 would have to be considered. In finding 
powers, again, he had todeal with only 20 different series, each 
of which repeated after 20 terms or less; so that the whole 
problem of finding the last two figures of any power of any 
number was reduced to less than 400 simple cases, instead of 
an indefinite number of cases. He never committed these 
products and powers to memory; it was not necessary; with 
practice he was soon able to count to any desired one with 
great rapidity, in fact, just as rapidly, in the simpler cases, as 
he could have recalled the answer if it had been previously 
memorized. 

To recapitulate: The writer’s mental calculations usually 
deal only with the 2-figure endings of numbers, rejecting all 
previous figures if there are any; by far the commonest prob- 
lem is to find (the ending of) some given power of a given 
number, or to investigate some property of some power or 
group of powers of one or more numbers; and problems involv- 
ing odd numbers (except, of course, odd exponents) are almost 
always solved by changing the odd numbers into multiples of 
4 (by adding or subtracting 25), and changing back to an odd 
number in the same way, if necessary, after the work of calcu- 
lation is over. He might go on and indicate many other prop- 
erties of numbers, or rather of endings, which he discovered 
and used in calculating; but enough has already been said to 
give a fair idea of the general nature of the processes employed, 
the gradual development of the calculating power, and the 
advantages of the various specializations which came to be 
adopted. 

Of course his calculations are not absolutely confined within 
these limits. Besides finding endings in the power series of 
even numbers, he can also multiply endings very readily, and 
add or subtract them (by counting forwards or backwards) 
somewhat less rapidly, or divide them where the division is 
known to be exact; and hecaz work, though very much more 
slowly, with odd numbers. But even in the power series of 3, 
the odd series with which he has worked oftenest, it is easier 
in most cases to change 3 into 28; and in any other odd series he 
can scarcely work at all, except with the greatest effort. The 
even series in these other cases are so much easier and more 
familiar that it is practically impossible to resist the tempta- 
tion to work in them, even when he tries to work laboriously 
in the odd ones as such. 

When the calculation takes account of a// figures of the re- 
sult, not merely of the last two, the writer’s powers of mental 
arithmetic are probably very little above the average, certainly 
not equal to those of any one who has had a moderate amount 
of practice in the work. Even the multiplication of two 2-fig- 
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ure numbers takes him longer mentally than on paper; and 
with 3-figure numbers it is such an effort for him to remember 
the partial products that usually each one must be repeated 
aloud two or three times, and even then he is apt to forget the 
first partial product by the time he has found the third. With 
small 2-figure numbers, however, he finds no difficulty in mul- 
tiplying (on paper, using only one figure of the mu/tiplicand 
at a time,) in a single operation, especially where the number 
iseven, ¢. g., 24 or 36. With 19 or 23, too, it would prob- 
ably be easier for him to multiply in a single operation than 
in two operations in the ordinary way; but in such a case, 
after the products exceeded 100, the multiplication would 
often tend to resolve itself into counting,—rapid and automatic, 
but counting nevertheless. Thus up to 23x5 = 115 he would 
probably count by 23 directly, or depend on his memory; but 
after that, to pass to 23 x6 = 138, he would first count in 
the 3, then the 20, thus reaching 138 from115 véa 118 and 128. 

There are two cases in which the writer can find complete 
products with fair readiness. The first is in squaring numbers; 
here, however, the process is usually neither counting nor 
multiplication directly, but an application of some algebraic 
formula. Up to perhaps 32, and in certain other cases, such 
as 36, 48, 54, 64, 72, 81, 96, 144 (z. e., numbers containing 
no other prime factorsthan 2 and 3), he would give the squares 
from memory; but usually he finds only the last two figures by 
memory, and gets the rest by interpolation between two known 
squares or by the formula for (a+-b)?. 

The second case is where two numbers are to be multiplied, 
neither of which contains any prime factors except 2 and 3. 
Here his method is to count (multiply) by 2’s or 3’s to some 
convenient multiple of one of the numbers, then by that multi- 
ple to some other, and so on, until the required product is 
reached. Thus to find 48x64 he would count by 48 to 384 
(=48x8), then by 384 to 1536, then to 3072 (= 384x8= 
48 x 64), the required answer. To square 162, again, the stages 
would be 486, 1458, 2916, 8748, 26244, 7. e., multiplying 
successively by 3, 3, 2, 3, 3.’ In these cases much of the work 
would be automatic and half-unconscious. Thus up to 2916 
(162 x 18 = 54”) in the second example the numbers in full 
, would be very familiar, and perhaps only the 58 of 1458 would 


1Buxton, it will be remembered, in multiplying 456 by 378, multi- 
plied successively by 5, 20, and 3, to get 300x456; then multiplied 
456 x 5 and that snetiant by 15, and added the result to 300x456, to 
get 375 x 456; and finally completed the operation by adding 3x 456. 

his indicates pretty clearly that his method was like the one de- 
scribed above, a counting in the series of multiples of the multipli- 
cand, rather than the ordinary method. 
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be distinctly formulated; but above that he would have to 
formulate all the figures distinctly and take account of them 
in the counting process. In the first example, 48 x 64, per- 
haps only the 84 of 384 and the 36 of 1536 would be dis- 
tinctly formulated until the end, when 3072 would be given as 
a whole. It will be seen, then, that part or all of the interme- 
diate numbers of the calculation may remain below the level of 
clear consciousness, and that where the numbers are familiar, 
part of a number may be in clear consciousness and not the 
rest of the number. At the same time the whole number 
functions in the calculation, otherwise the correct answer would 
not result. 

There is just one class of problems in which the writer could 
compete with the real mathematical prodigies, viz., finding the 
square and cube roots of exact squares and cubes. In fact, ex- 
tracting the roots of perfect powers and testing the possible 
factors of given numbers are the only fields in which the prop- 
erties of 2-figure endings are really useful, and even these 
problems, however interesting to the mathematical prodigy, 
are of little practical importance to the mathematician. Bid- 
der, Colburn, and Safford made a specialty of these problems, 
and there is good evidence that all three solved them by the 
aid of the properties of 2-figure endings. A brief description 
of the ‘‘method of endings’’ will therefore not be out of place. 

Given the last two figures of a number, the last two figures 
of its square are known; but given only the last two figures of 
a perfect square, the last two figures of the square root are 
not definitely known, although the possible values are usually 
only fourin number. Similarly, an odd ending has only one 
possible cube root, but an even ending has either none, or two 
which differ from each other by 50. Now, suppose a given 
number is known or suspected to be a perfect square or cube, 
and its root contains only three figures. The first figure can 
readily be determined by inspection; and the last two figures 
must be one of a limited number of possible roots of the ending” 
of the given number. It is usually easy, after a little prac- 
tice, to tell almost at a glance which of the possible roots to 
choose in a given case. In doubtful cases (multiples of 5. e. 
g., where the number of possible roots is greater) such ex- 
pedients as casting out the 9’s, squaring or cubing one of the 
suspected answers or some number near it, or using the 3- 
figure instead of the 2-figure ending, will help to decide which 
is the correct root. 

The application to factoring is still simpler. If the number 
to be factored is not already odd and prime to 3 and 5, it is 
easily made so by simple division. Now, in the case of an 
odd number prime to 5, if the last two figures of one of its 
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divisors are known, and the division is exact, the last two figures 
of the other can have only one value; and it is easy to con- 
struct a table showing the different pairs of endings in the 
factors which will produce a given ending in the product. 
Now, suppose it is suspected that a given number is a factor. 
From the table, or by a computation in accordance with simple 
rules, which need not be considered here, find the last two 
figures of the other factor; if desired, the hundreds figure can 
also be determined by casting out the 9’s. This done, it is 
necessary to carry the division only far enough to decide whether 
the required last two or last three figures can result; as soon 
as this is seen to be impossible, the work is abandoned, since 
only an exact divisor is wanted. It is thus evident that much 
work may be saved, especially where the numbers involved 
are not very large; indeed, a factor may often be rejected almost 
at a glance which would otherwise have to be divided through 
to the end. 

So much for the application of 2-figure endings to evolution 
and to factoring. The latter problem never attracted the 
writer, owing to the habit he so early developed of confining 
his attention to the last two figures; but in any case where a 
given number is known to be a perfect square or cube, and its 
root contains not more than three figures, he finds no difficulty 
in discovering the root by inspection. This would apply almost 
equally to higher roots, except that in some cases it would be 
difficult to tell the root if it contained more than two figures; 
but in general, the higher the root the easier the problem, and 
square and cube roots are the only ones which often come 
up. It is evident, however, that skill in solving this class 
of problems does not imply special skill or quickness in 
other branches of mental arithmetic, and that a careful dis- 
tinction must be made between the cases where the given 
number is a perfect power and those where it is not. Where 
the root is not an integer, the ending gives no aid in finding 
it; memorization of a large number of perfect squares and 
cubes, or some process of real calculation, must then be re- 
sorted to, instead of the simple method of guessing by inspec- 
tion of the ending of the given number. 

Before closing this part of the paper, the writer may say a 
few words about his memory type. He learned to count orally, 
and his calculations began at once, without further aid; he 
cannot remember ever counting on his fingers, using pebbles, 
or the like; and even when he learned to make written figures 
later on, they never came to be associated with his mental calcu- 
lations, which remained strictly auditory (or auditory-motor) 
throughout. Ordinarily the motor element is almost entirely 
absent; when the calculations remain in the familiar fields 
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already described, they are accompanied by no perceptible in- 
nervation of the muscles of speech. When he attempts un- 
practiced feats, however, such as complete 3-figure multiplica- 
tions, the tendency to pronounce some or all of the figures is 
marked.’ 

But while the writer's type is unquestionably auditory in 
calculation, the presence of written figures is not a hindrance 
to him, as it is to Inaudi. On the contrary, if the numbers in- 
volved are at all large,—say a g-figure number whose cube 
root is to be found,—the presence of the number on a sheet of 
paper before him is a distinct aid, saving a considerable effort 
of memory, and greatly facilitating such tests as casting out 
the g’s. Outside of calculation the writer's type is predomi- 
nantly auditory; but he can use visual images at will with no 
special difficulty, and in geometry or similar fields uses them 
habitually as a matter of course. In general, then, his type is 
mixed, but with a slight predominance of auditory images. 

It only remains to add that his calculating powers have in- 
creased, though very gradually, from the time he learned to 
count until the present, constantly taking advantage of the 
results of his mathematical studies, and at intervals following 
out new lines of inquiry and classes of problems based upon 
new properties of numbers and endings. There has been no 
tendency, however, to enter the broader fields of calculation 
cultivated by the mathematical prodigies; in the main, his 
calculations are confined within the limits already described, 
and even within these limits it often happens that of two prob- 
lems which, to an ordinary calculator, would be of equal diffi- 
culty, one will be far easier for him than the other, owing to 
the peculiar preferences which have guided the distribution of 
his practice in calculation. While mental arithmetic has never 
absorbed a disproportionate share of his time, there is scarcely 
a day in which some of the old familiar series do not at some 
odd moment or other run through his head, usually quite auto- 
matically. He has never had any fondness for written com- 
putation for its own sake, and is perhaps, if anything, a trifle 
slower at it than the average man with an equal knowledge of 
mathematics. He is liable to occasional errors unless he care- 
fully tests every stage of his work.* 


1Much the same thing was true of Safford; we are told (Chambers’s 
Journal, VIII, p. 265) that it was his custom to talk to himself when 
originating new rules, but, by implication, not when carrying on 
computations by familiar rules. 

2In the foregoing account an attempt has been made for the most 
part to avoid technical terms that would not be clear to the non- 
mathematical reader. The student of the theory of numbers will 
readily recognize that ‘‘2-figure endings”’ are least positive residues 
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We are now ready to interpret the facts thus far set forth, 
and to construct from them an explanation of the mathemati- 
cal prodigy. 

Heredity. The table’ gives such information as could be 
found concerning the heredity of the different calculators. 
Just what part these various circumstances actually played in 
the development of the different prodigies is a difficult question, 
which it would hardly be worth while to discuss here. This 
much is clear, however, that whatever the influence of heredity 
in some cases, it is in no sense an explanation of mental calcu- 
lation, but at most a favoring circumstance. A satisfactory 
theory must rest on a much more definite basis than such gen- 
eral terms as heredity, environment, and the like can afford; 
ijt must explain the cases where hereditary influence is lacking, 
as well as those where such influence seems to be present. 
Hence we may safely leave the question of the relation of hered- 
ity to mental calculation for other investigators, and devote our 
attention to other questions.’ 

Development.—(a) Precocity. There is nothing more striking 
about the mathematical prodigies, nothing which has been the 
subject of more uncritical amazement, than their almost uni- 
form precocity. Gauss began his calculations before he was 3 
years old; the present writer, at 4; Ampére, between 3 and 5; 
Whately, at 5; Pugliese and Succaro, at about 5; Colburn, 
at 5: Safford, at 6 or earlier; Mathieu le Coq, Mr. Van R., of 
Utica, Bidder, Prolongeau, and Inaudi, at 6; Mondeux, at 7; 
the Countess of Mansfield’s daughter, at 8 or earlier; Ferrol, 
Mangiamele, Grandmange, and Pierini, at early ages not defi - 
nitely stated. Buxton’s mental free beer record began from 
the age of 12; Zaneboni’s calculations began at the same age; 
Dase attended school at the age of 2%, and took to the stage 
at 15. In short, precocity is unmistakably the rule; if we 


(modulus 100), and that the writer’s process of changing odd numbers 
into even simply changes the modulus to 25 instead of 100, using resi- 
dues which = 0 (mod 4). It would be easy to generalize many of the 
properties described above, and to show their application to -figure 
endings and congruences in general; but such a task would carry us 
far beyond the limits of the present paper. 

1See Appendix II. 

2There are two points, however, on which a word may be said. In 
the first place, it is a pretty safe guess that Colburn’s extra fingers and 
toes were an accident, as far as his calculating power was concerned, 
and had no connection with his mental abnormalities. On the other 
hand, the nervousness which he showed, and which he shared with 
Safford and an unnamed calculator in the neighborhood of Troy, N. 
Y. (Memoir, p. 173), may have predisposed him to less active partici- 
pation in childish games, if not to actual illness, and so have increased 
the time available for his mental calculations. 
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count as unprecocious Zaneboni, Buxton, Dase, Diamandi (who 
began to calculate at 16, but had excelled in mathematics in 
school from the age of 7), the slave Tom Fuller, and the 
younger Bidder (about whom nothing definite is known in 
this respect), we have at the worst 6 unprecocious calculators 
as against 18 who were precocious.’ 

To understand this precocity we must note, first of all, that 
arithmetic is the most independent and self-sufficient of all the 
sciences. Given a knowledge of how to count, and later a few 
definitions, as in Bidder’s case, and any child of average ability 
can go on, once his interest is accidentally aroused, and con- 
struct, unaided, practically the whole science of arithmetic, no 
matter how much or how little he knows of other things. Ad- 
dition is only a shortened form of counting. The same is true 
of multiplication;? the writer’s own case shows that the calcu- 
lator need not even sit down and teach himself the multiplica- 
tion table, as Bidder did, but may multiply by simple modifi- 
cations of his counting process. Involution is simply a 
modification of multiplication; it has already been pointed out 
that the powers of numbers are natural resting-places in count- 
ing along the series of multiples of the numbers. The inverse 
operations of division and evolution grow naturally out of the 
direct operations of multiplication and involution; much more 
easily and naturally in mental than in written arithmetic. 
Once these elementary operations are mastered, such processes 
as reduction of years to seconds, compound interest, and any 


1 From this list has been omitted Huber’s blind Swiss, who learned 
to calculate, presumably, late in life, by artificial methods, and obvi- 
ously does not belong to what Binet calls the ‘“‘natural family of great 
calculators.’’? Binet’s average of 8 years (op. cit., p. 191) for the pre- 
cocious calculators is too high; it is obtained by rejecting (without 
sufficient ground, so far as the writer can see) the cases of Gauss (3 
years old) and Whately (who, as we have seen, began to calculate at 
5, not at 3 as stated inadvertently in Scripture’s table), and by taking 
in several cases the age at which the prodigy was exhibited before the 
Acad. des Sciences as the age when his calculations began. But on 
Binet’s own showing, Mondeux had calculated for three years before 
he was exhibited in Paris; so that it will not do to average together 
such dissimilar data. Where the age of exhibition is later than 7, no 
attempt has been made to date the beginning of the calculations; if 
we then average the ages of the known cases of precocity (some of 
which are undoubtedly too high by a year or more), we get 5 to5% as 
an average, not 8. This is much more natural if the ‘‘natural calcu- 
lator’? usually begins to calculate from the time he learns to count. 
Of the six men not known to be precocious, two (Fuller and Buxton) 
were densely ignorant, and two of the others belong to the visual 
type, which, as we shall see later, is in certain respects intermediate 
between the ‘‘natural”’ or auditory and the ‘‘artificial’’ type. 

2In multiplication the counting is, of course, done in the series of 
multiples of the multiplicand, not in the series of natural numbers; 
cf. part II of the present paper. 
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other arithmetical problems are simply a matter of understand- 
ing the meaning of the question and then applying known 
rules, plus a varying amount of ingenuity, to the solution. In 
accordance with the tendency of all mental operations, psycho- 
logical shortenings of the processes involved will come with 
practice, and mathematical properties of the sort already de- 
scribed still further facilitate the work; so that in favorable 
cases the whole process may become in large measure auto- 
matic, and may go on while active attention is given to 
something else. 

Moreover, the various symmetries and properties of num- 
bers and series attract the attention of the calculator from 
the start, and keep up his interest until the habit of mental 
calculation has been firmly fixed. After that, ifnothing inter- 
venes to change that interest, there is practically no limit to 
which he may not attain, as the case of Dase abundantly shows. 

We must note, furthermore, that practically an unlimited 
amount of time may be available for these calculations if the 
prodigy wishes so to use it. Mental arithmetic requires no 
instruments or apparatus, no audible practice that might dis- 
turb other members of the family, no information save such 
chance scraps as may be picked up almost anywhere for the 
asking, or absorbed, without even the trouble of asking ques- 
tions, from older brothers and sisters as they discuss their 
school lessons. The young calculator can carry on his-re- 
searches in bed, at the table,—if he allows himself to be ‘‘seen 
and not heard,’’—during the perhaps laborious process of 
dressing or undressing; in short, at almost any time during 
the twelve or fourteen hours of his waking day, except when 
he is engaged in conversation or active physical play. 

Thus, if an interest in counting once takes hold of a child 
either not fond of play or not physically able to indulge in it,— 
and stringing beads, counting the ticks of a clock, or even a 
chance question like ‘‘Let’s hear if you can count up to 100’’, 
may start such an interest, which will then furnish all the 
material for its own development,—he may go on almost in- 
definitely, and become a prodigy long before his parents suspect 
the fact. Indeed, the interest in counting may seem so natural 
to the child that he may never think of doubting that every 
one else possesses it, and months or even years may elapse be- 
fore some accident reveals the direction of his interest to his 
astonished relatives. Several of the calculators—Mondeux, 
Mangiamele, Pierini, Inaudi—were shepherd-boys, an occupa- 
tion which, since it requires an ability to count and affords 
ample leisure, is peculiarly favorable for practicing calculation; 
several, again,—Grandmange (born without arms or legs), 
Safford, Pierini, the present writer,—were sick or otherwise 
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incapacitated for active play to a greater or less extent, and 
thus enjoyed an equally good opportunity to practice calcula- 
tion. Fuller and Buxton, on the other hand, whether preco- 
cious or not, were men of such limited intelligence that they 
could comprehend scarcely anything, either theoretical or 
practical, more complex than counting; and their purely man- 
ual occupations left their minds free to carry on almost without 
limit their slow and laborious calculations. 

These considerations put the whole matter of mathematical 
precocity in a new light. Instead of joining in the popular 
admiration and awe of these youthful calculators,—and even 
psychologists have not been wholly free from this uncritical 
attitude,—we must say that precocity in calculation is one of 
the most natural things in the world. Ifa person is to become 
a calculator at all, he will usually begin as soon as he learns 
to count, and in most cases before he learns to read or write; 
and his development, while it will of course be gradual,—in 
Bidder’s case probably a year elapsed between his learning to 
count and the early incidents which made his gift known,— 
will be so greatly facilitated by the amount of time available, 
the intrinsic interest of calculation, and the ease with which 
new information can be picked up as needed, that he may be- 
come a full-fledged calculator before he is suspected of being 
able to count without the aid of his fingers. His preoccupa- 
tion with his calculations may give rise to a false appearance 
of backwardness, or he may really be of very low intelligence, 
or he may be an all-round prodigy like Safford, Gauss, and 
Ampére; mental arithmetic is so completely independent and 
self-sufficient that it is equally compatible with average endow- 
ments or with either extreme of intelligence or stupidity. 

Mathematical precocity, then, stands in a class by itself, as 
a natural result of the simplicity and isolation of mental 
arithmetic. There is nothing wonderful or incredible about it. 
The all-round prodigy like Ampére or Sir William Rowan 
Hamilton or Macaulay is possible only in a well-to-do and cul- 
tured family, where books are at hand and general conditions 
are favorable, and he must possess genuine mental ability. 
The musical prodigy, again,—Mozart is the stock instance,— 
must come of a musical family, hear music, and have at least 
some chance to practice, and hence cannot long hide his light 
under a bushel. But the mathematical prodigy requires neither 
the mental ability and cultured surroundings of the one nor the 
external aids of the other. He may be an all-round prodigy 
as well, like Gauss, Ampére, and Safford; it is not improbable 
that Bidder, under favorable conditions, would have developed 
into such an ‘‘infant phenomenon’’; but he may also come of 
the humblest family, and be unable, even under the most 
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favorable conditions, to develop average intelligence. He may 
proclaim himself to the world almost at once, like the all-round 
or the musical prodigy, or keep his gift a secret for months or 
even years. If we are to call him a prodigy at all, it is im- 
portant to realize how widely he may differ from other prodi- 
gies, and to avoid carefully the popular confusion due to the 
misleading associations of the words ‘‘prodigy’’ and ‘‘pre- 
cocious.’’ 

(6) Loss of Power. Mental calculation, then, starts from an 
interest in counting; at the outset it demands only that ability 
to count by 1’s, 2’s, 3’s, 7’s, and the like, which all of us re- 
quire for such every-day purposes as keeping track of the days 
of the week. But if for any reason this interest in counting is 
lost, practice in calculation will cease, and the skill already 
acquired will disappear, just as the pianist’s skill is lost when 
interest and practice cease. There are two striking instances 
of this among mental calculators: Whately and Mr. Van R. of 
Utica, both of whom began to calculate at an early age, but 
lost the power after two or three years. Here, again, however, 
there need be no mystery; the disappearance of the gift with 
the loss of the interest in which it originated is as natural and 
normal as its original appearance. 

Just what caused the loss of interest is not always easy to 
say. In Whately’s case the trouble may have been that on 
going to school he was taught arithmetic or ‘‘ciphering’’ by 
methods very different from his old ones, became confused, 
failed to establish a connection between the two, and lost his 
interest in calculation as a result of his distaste for ‘‘ciphering.’’ 
In Colburn’s case the loss of skill seems to have been much 
more gradual, and probably never complete. In this respect 
he is like the pianist who retains his interest in music, but 
is prevented by other occupations from keeping in practice; 
if later on he is able to resume practicing, his skill is soon 
regained. 

Education. A glance at the table of mathematical prodigies’ 
will show that education as such, whether mathematical or 
general, has little or no influence on the calculating power, 
either to help or to hinder it. At the one extreme we find 
Fuller and Buxton, men of dense ignorance and limited powers 
of calculation, and near them Dase, the greatest of all calcula- 
tors, who even in mathematics was scarcely less stupid. At 
the other extreme stand Ampére, Gauss, Bidder, and Safford, 
in whom unusual mathematical and general ability and a wide 
range of interests exist side by side with marked skill in 
mental calculation; while, on the other hand, the ordinary 
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mathematician or man of culture has little or no gift for mental 
arithmetic. That the calculating power should be independent 
of general education is not particularly surprising; but its 
independence of mathematical training and ability seems at 
first less natural and obvious. 

In a general way, we may distinguish three grades of 
mathematical ability in the great calculators. Those of the 
first class never get beyond the stage of pure counting, though 
of course the counting process comes to be abbreviated more 
or less with practice. At this stage the point of view is not 
even arithmetical; the calculator thinks not of arithmetical 
operations, but of properties of numbers and of series, and the 
short-cuts he uses are of a relatively simple sort, showing no 
mathematical insight. Without insisting too sharply on the 
distinction, we may term these men ‘‘calculating prodigies.’’ 


Those of the second class may be called, from the present 
point of view, ‘‘arithmetical prodigies’’; Colburn and Dase 
will serve as examples. Here we find a fairly well developed 
knowledge of arithmetic, anda distinctly arithmetical point of 
view; it is operations of calculation, rather than mere proper- 
ties of numbers, in which these men are interested, and the 
various short-cuts used are, we may suppose, suggested by 


practice in calculation rather than by mathematical keenness. 

The third class comprises the ‘‘mathematical prodigies’”* 
proper, of whom Bidder may be taken as the type. Here we 
find real mathematical ability, power to take a distinctly alge- 
braic point of view, to generalize, and hence to discover all 
sorts of ingenious short-cuts and symmetries. Bidder’s com- 
pound interest method is perhaps the most striking example ; 
Mondeux’s unconscious use of the binomial theorem is 
another. 

Such a classification must not be taken too seriously, of 
course ; a good deal of hair-splitting would certainly be needed 
to establish hard and fast lines between the different classes. 
The important point is that mental calculation and mathe- 
matical ability are essentially independent, and that almost 
any degree of the latter is compatible with any degree of skill 
in the former. Where the two are found together, calculation 
usually appears first; but even to this there are exceptions, 


1These terms are here used merely as a convenient means of tem- 
porarily designating different grades of skill in calculation; the writer 
would not advocate their general adoption as here defined. For a 
general term embracing all three classes, ‘‘arithmetical prodigies”’ 
seems the best; the reason this term was not taken as the title of the 
present paper was that Scripture’s article already bore that title, and 
it seemed undesirable to run the risk of confusing later students by 
adopting it for a second article on the subject. 
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since Diamandi excelled in mathematics at school for nine 
years before he discovered his gift for calculation. 

Neither mathematical nor general education or mental ability, 
then, has any direct influence on mental calculation. Indi- 
rectly, however, education may have an important influence. 
We have seen that if for any reason the interest in calculation 
is lost, the calculating power will disappear. Now mental cal- 
culation is a narrow and special field, with little practical 
importance for most men; hence, other things being equal, as 
a boy’s sphere ofinterests widens, his interest in mental calcu- 
lation is likely to sink into the background. This explains 
why so many ignorant men have excelled as calculators; ig- 
norance, by preventing the intrusion of other interests, leaves 
the calculator free to develop his one gift, and keeps him from 
realizing how trivial it is, and how groundless is the public 
amazement which, perhaps, contributes to his support. On 
the other hand, if the interest in calculation is retained despite 
the widening of the sphere of interests resulting from educa- 
tion, the calculating power may prove to be of considerable 
practical value. The two Bidders will serve as examples. The 
father owed his striking success as an engineer primarily to his 
powers of mental calculation, which not only won him the 
friends who contributed to pay the cost of his education, but 
were of constant use to him in his profession, especially as an 
expert witness before Parliamentary committees. The son, a 
lawyer, tells us that he finds it an immense advantage to have 
in mind a number of formulas and constants for ready refer- 
ence,’ and doubtless his readiness in using these formulas and 
constants in mental arithmetic was still more useful. Gauss 
and Safford are illustrations of the obvious possible usefulness 
of mental calculation to the mathematician. 

Calculation. If mental calculation naturally arises out of 
counting, we might at first suppose that addition would be the 
favorite operation of the mathematical prodigies; but there is 
no evidence to this effect in any known case. Bidder specifically 
states that multiplication is the fundamental operation; Col- 
burn found multiplication easier even than addition or subtrac- 
tion; Buxton’s favorite problems seem to have been long 
multiplications, yet we have seen reason to suspect that his 
calculations never progressed far beyond the counting stage; 
the younger Bidder performed 15-figure multiplications, Safford 
(though in a very easy case) an 18-figure multiplication, and 
Dase one of 100 figures which did not seem seriously to tax his 
powers. The reduction of years to seconds and similar prob- 
lems, resting on simple applications of multiplication, have 


1 Spectator, LI, 1878, p. 1635. 
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been favorites with many calculators. In short, multiplication 
and not addition seems to be the fundamental and favorite 
operation in mental calculation. 

Nor is this difficult to understand. It has been suggested 
above that in the earlier stages the ‘‘natural’’ calculator who 
begins with counting—as distinguished from the ‘‘artificial’’ 
calculator who begins relatively late in life, using book-methods 
from the start—is interested mainly in properties of numbers 
and of simple series. Now these properties are revealed not by 
addition, but by multiplication, or the forms of counting which 
are equivalent to multiplication. Addition and subtraction 
bring out no properties of particular interest. Given any num- 
ber, another number can be added to it or subtracted from it so 
as to produce any other number whatever, by processes which 
are mechanical and not particularly interesting. Where the 
addition of a series of terms does produce a result of any in- 
terest, as in the series 1+2+3+4 . . . , or the series 
1+3+5+7 . . .  , the interesting property belongs to the 
sum not primarily as a sum, but as a function or mu/tiple of the 
mth term: in the first case the sum of z terms is %x(n-+-1), 
which is a multiple of the next term ”-++1, or of half the next 
term in case that next term is even; while in the second case 
the sum of z terms is always equal to ”*, which is the product 
of two equal factors. Addition and subtraction, in short, 
apart from multiplication, are mechanical processes, and are of 
very limited interest to the calculator, whereas multiplication 
is the key to all those properties which arouse his interest and 
stimulate him to establish the calculating habit. The differ- 
ences between odd and even numbers, the properties of prime 
and composite numbers, as well as of squares, cubes, and other 
powers, series of all sorts, 2-figure endings, casting out the 9’s, 
and the like, all grow directly out of multiplication. 

The methods used in mental multiplication are various. The 
simplest is, as we have seen, a more or less abbreviated process 
of counting. It is of course difficult to say just which individ- 
ual calculators remained permanently in this stage; we have 
seen, however, how large a part this counting process plays in 
the writer’s own case, and it is not unlikely that this was the 
method of both Fuller and Buxton. 

Several of the prodigies began multiplying at the /¢/, in- 
stead of at the right as in the ordinary written method. The 
advantage of this procedure, as Colburn and Bidder explain, 
is that the larger figures first obtained are easily remembered, 
because ending with so many zeros, and that there is atany given 
stage of the work only one result to keep in mind. The re- 
sult is changed, to be sure, by each new partial product in- 
corporated with it; but the great difference between written 
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and mental arithmetic is that whereas in the former it is easiest 
to record the partial results and later combine them all at once, 
in the latter it is much easier to combine at each separate stage, 
and relieve the memory of the strain of remembering the par- 
tial results throughout the process. Probably in most cases 
the partial products actually ave remembered, as by Inaudi, 
e. g.; but the fact that they may be forgotten if desired without 
interfering with the calculation, relieves the calculator of all 
anxiety in the matter. 

Such is, in general, Bidder’s explanation of this method. It 
is obvious, however, that no such carefully reasoned considera- 
tions can influence the calculator at the early stage when his 
methods are taking shape; and in mental arithmetic it is almost 
always easier to go on with an old method, however imperfect in 
theory, than to learn a new one. The real reason for Bidder’s 
adoption of this method is doubtless the very simple one that 
it is more natural to begin with the first figure of the multiplier 
than with the last; if, however, the calculator should acci- 
dentally form the habit of beginning with the last figure, it is 
hard to see where any real inconvenience would result. In 
mental as in written arithmetic, much depends on custom and 
habit; it is hard to see any great difference in convenience be- 


tween beginning at the right and beginning at the left, either 
in mental or in written multiplication. Of the two processes 
below, 
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it is custom, rather than the minute difference in convenience, 
that sanctions the first rather than the second. 

There are two calculators, the younger Bidder and Dia- 
mandi, who are known to have used cross-multiplication,; the 
elder Bidder, however, as we have seen, did not use this 
method, despite his son’s statement to that effect. It is prob- 
ably not a coincidence that both the users of cross-multiplica- 
tion were of the visual type; for while this method has advan- 
tages which have already been explained, it is a radical 
departure from direct counting, and would naturally arise only 
as an abbreviation of written multiplication, or of mental mul- 
tiplication done by the methods of written multiplication. In 
short, it is an ‘‘artificial’’ method of mental calculation. Cross- 
multiplication would be greatly facilitated by a mental picture 
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of the figures as arranged for written work; and we know that 
both these men possessed such mental pictures, though doubt- 
less in a modified form. Diamandi learned mental arithmetic 
after his methods of written arithmetic had taken definite 
shape, and it is fairly safe to assume that the same was also 
true of the younger Bidder; this would imply, of course, that 
he was less precocious than his father. 

Another method of multiplication possible for a visual cal- 
culator is that explained by Richard A. Proctor.’ In brief, 
according to this explanation, each number is for the calcula- 
tor a visual group or pattern of dots, discs, or the like, and 
multiplication consists in mentally juxtaposing or otherwise 
combining as many of these patterns of the multiplicand as 
there are units in the multiplier, and then rearranging the 
dots into a simpler pattern which indicates the product at a 
glance. Of course all sorts of short-cuts would come in with 
practice; but in principle the method is as indicated. The 
essential characteristic of these mental dot-patterns is their 
plasticity, the ease with which the pattern can be changed 
while the number of dots remdins unaltered. Proctor tells us 
that as a child he himself acquired some little facility in men- 
tal arithmetic by this method, and probably with sufficient in- 
terest and practice it would give good results in the case of a 
visual calculator. Up to the present time, however, Proctor’s 
case is the only one of the sort that has come to light, and 
there is no ground for extending this explanation to other 
known cases. 

Another explanation of mental multiplication, proposed by 
Proctor and Scripture, attributes to the prodigies an extended 
multiplication table. Proctor conjectures that it may even 
reach (in the case of Bidder) to 1,000 x 1,000; Scripture, 
however, suggests ouly 100 x 100. On this theory, the multi- 
plication of two 12-figure numbers would proceed by the 
division of each number into six 2-figure periods, or four 
3-figure periods, which would then be used in the same way 
as ordinary mortals use single figures, giving the answer in 6 
partial products of 6 operations each, or 4 partial products of 
4 Operations each, instead of 12 partial products of 12 opera- 
tions each. 

Doubtless such a method is theoretically possible, and would 
materially reduce the time required for multiplication; but can 
we attribute it to any calculator of whom we have specific 
knowledge? We know, of course, that any book-method or 
artificial aid of written or mental arithmetic can be utilized 


1 Cornhill Mag., XXXII, 1875, p. 157; Belgravia, XXXVIII, 1879, 
P- 450. 
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with sufficient practice. Teachers have taught whole classes 
of pupils to multiply with the aid of more or less extended 
tables; Gauss used logarithms in his mental calculations; and 
the younger Bidder, Ferrol, and probably Huber’s blind Swiss 
used mnemonics of some sort. The question is, however: Did 
such men as Buxton, Colburn, Mondeux, Dase, and Bidder— 
men who undoubtedly belong to the ‘‘natural family of great 
calculators,’’ z. e., whose methods of calculation took shape in 
the first instance independently of books—use multiplication 
tables reaching to 100 x 100, or even 50x 50, or can their feats 
be explained without presupposing a table reaching beyond 1o 
x 10 OF 12 x 12? 

There are two ways in which such an extended multiplica- 
tion table might be acquired. In the first place, the calculator 
might sit down and figure out the various products, either 
mentally or on paper, and then commit them to memory, a 
few at a time, until all were fully mastered. In this case the 
multiplication of 48 by 64 would take the mental form, ‘‘Forty- 
eight times sixty-four are 3,072,’’ or, in a shortened form, the 
numbers 48 and 64, connected by the multiplication sign or 
the words ‘‘multiplied by,’’ would call up directly the idea of 
3,072, without any intermediate calculation, either clearly con- 
scious or automatic; just as 9 x 7 means 63 for the ordinary 
man, without the intervention of any of the other multiples of 
gor 7. Fatigue or lack of practice might render the process 
slower, but would not introduce any intermediate links of 
calculation. In the second place, the calculator might, with 
practice, be able to multiply 48 x 64 so readily and rapidly, 
by more or less automatic processes, that he would get the 
answer, 3,072, as quickly as if he had relied on a direct act of 
memory; and ifthe process of calculation happened to be mainly 
or wholly automatic, he might even be ignorant of its existence, 
and suppose he had actually found the result by direct and 
unaided memory. At times, however, brief flashes of these 
intermediate calculations would pass through his mind; and 
when he was tired or out of practice, his calculations would not 
only be slower, but would be of a more clearly conscious char- 
acter. The intermediate links, which had been made auto- 
matic and half unconscious by practice, would return as soon 
as fatigue or disuse reduced the calculator’s speed. 

In this second case, however, it is evident that the whole 
5,000 or 10,000 entries of a multiplication table to 100 x 100 
cannot properly be said to exist already computed in the calcula- 
tor’s mind. We shall have to discuss a little later the various 
ways of shortening the calculation on the psychological side; 
but in dealing with the enlarged multiplication table theory, 
we must insist that the only legitimate interpretation of the 
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theory is that such a table is deliberately committed to memory 
by the calculator, and not reached in particular cases by an 
abbreviated process of calculation whose omitted links could 
return under any ordinary circumstances. Fatigue or lack of 
practice might prolong the time of unmeditated recall, but could 
never interpolate into it even the briefest flashes of calculation. 
If, then, no specific evidence is at hand that such an enlarged 
table actually was used by any of the ‘‘natural calculators,’’— 
and no such evidence has been adduced by the advocates of the 
theory,—we cannot accept this explanation unless it is shown, 
either that the enlarged multiplication table is a more natural 
method than the smaller table, or that the actual achieve- 
ments of some or all of the calculators cannot be explained in 
any other way. Actually, the latter of these arguments is the 
one on which the defenders of the theory seem to rely; it will 
be safest, however, for us to examine the former as well. 

In the first place, then, it can hardly be claimed that a mul- 
tiplication table extending much beyond 1o x rois either natural 
or useful in the early stages of mental calculation, if the cal- 
culation arises in the natural and not in the artificial way. 
The child who becomes a calculator begins to multiply soon 
after he learns to count, certainly before he has learned to 
count beyond 1000, and hence before his multipliers have ex- 
ceeded 31. It will hardly be argued that up to this point a 
table beyond 10x 10 would be of any use. Hence ¢he calcula- 
tor’s habits and methods of multiplication are definitely formed 
before a table beyond 10x 10 is needed. Such atable serves all 
the purposes even of written multiplication for most of us; in 
fact, even if we know the multiplication table to 12x12, we 
rarely use it beyond 1ox10. How many of us in multiplying 
412,976 by 3,128, for instance, would think to treat the 12 in 
either the multiplicand or the multiplier as a single factor? It 
is only where the multiplier itself is simply 11 or 12 that the 
12x 12 table excels the 10x 10 table for any practical purpose. 
Hence, unless an enlarged table extended all the way to 100x 
100, its utility would be relatively slight. In mental multipli- 
cation, too, we know that Inaudi, who could multiply 6 figures 
by 6 figures, used a table reaching only to 1ox10. We are 
thus brought to our second question: In multiplication by 12- 
figure numbers or larger, need we presuppose a table extending 
beyond 10x 10 in order to explain the actual achievements of 
known calculators? Must the calculator enlarge his table as 
the size of the numbers he uses is increased, or does he simply 
depend on practice, and on new short-cuts other than enlarge- 
ment of his multiplication table, to extend his powers and in- 
crease his speed ? 

Bidder’s answer to this question in his own case is explicit. 
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He says:’ ‘‘Now, for instance, suppose that I had to multiply 
89 by 73, I should instantly say 6,497; if I read the figures 
written out before me I could not express a result more cor- 
rectly, or more rapidly; this facility has, however, tended to 
deceive me, for I fancied that I possessed a multiplication table 
up to 100x 100, and, when in full practice, even beyond that ; 
but I was in error; the fact is that I go through the entire 
operation of the computation in that short interval of time 
which it takes me to announce the result to you. I multiply 
80 by 70, 80 by 3; 9 by 70, and g by 3; which will be the 
whole of the process as expressed algebraically, and then I add 
them up in what appears to be merely an instant of time.’’ 

This testimony is unequivocal; Bidder, as Scripture admits, 
certainly did not have a multiplication table extending beyond 
10x 10, yet he was able, on one occasion at any rate, to per- 
form a 12-figure multiplication. Furthermore, Bidder’s calcu- 
lations were so rapid and automatic that he was himself deceived 
in this matter, and thought he actually had such a multiplica- 
tion table as Proctor attributes to him. Even if we grant that 
when Bidder wrote this account, in his 50th year, his powers 
had slightly diminished, with the result that his calculations 
were somewhat less automatic than in his youth, it is clear, 
nevertheless, that even in his prime as acalculator he depended 
on calculation, not on a memorized multiplication table beyond 
10 X I0. 

What shall we say, now, of other calculators? Fuller, the 
man who required 2 minutes for a simple calendar problem, 
may be dismissed at once; he needed no enlarged multiplica- 
tion table. Buxton, Scripture tells us,? ‘‘preserved the several 
processes of multiplying the multiplicand by each figure of the 
lower line in their relative order, and place as on paper until the 
final product was found.’’ The reference for this passage is 
not given. The statement, however, is directly contradicted 
by Buxton’s own account of his method of multiplication, ac- 
cording to which, as we have seen, he multiplied by 5, then by 
20, then by 3 to multiply by 300." It is safe to omit Buxton, 
therefore, from the list of users of large multiplication tables. 
Colburn’s account of his method of multiplication * is almost 
identical with Bidder’s, and leaves no doubt that he multiplied 


1 Proc. Inst. C. E., XV, p. 256. 

2 Op. cit., p. 58. On this statement, which is almost certainly incor- 
rect, Scripture bases his belief that Buxton had a good “‘imagination,”’ 
1. e., belonged to the visual memory type. 

3In the light of this example, which he himself quotes (p. 48), it is 
hard to understand why Scripture thinks (p. 46) we can presuppose 
the enlarged multiplication table in the case of Buxton. 

4 Memotr, pp. 189-191. 
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by but one figure at atime. Mondeux, we are told,’ ‘‘actually 
possessed part of such a table.’’ Here again, unfortunately, 
the reference isomitted. The only statement in Cauchy’s report 
that looks like a foundation for this assertion is that Mondeux 
‘‘knows almost by heart the squares of all whole numbers 
under 100.’’ But, as we have already seen, the powers of 
numbers strongly attract the interest of the calculator at an 
early stage; hence in the absence of other evidence it is not 
legitimate to infer the presence of a complete multiplication 
table, or any essential part of it, from the presence of a table 
of squares. Inaudi’s methods are fully described by Binet, and 
show that he used a table extending only to roxio. Dia- 
mandi and the younger Bidder used cross-multiplication, and 
there is no definite evidence that they used more than one 
figure atatime. Safford so closely resembles Bidder and Col- 
burn that, in the absence of evidence to the contrary, we may 
safely assume that his method of multiplication was the same 
as theirs. Zaueboni did not possess a systematic table extend- 
ing to 100x100, though he knew many squares and a few 
scattered products beyond 16x10.* Concerning Ampére so 
little is definitely known that it is idle to speculate about his 
methods ; but this is hardly a proof that he used an enlarged 
multiplication table. 

There remain, then, only Gauss and Dase. It must be ad- 
mitted that these men may have used enlarged multiplication 
tables ; the assertion cannot be disproved on the basis of avail- 
able evidence, and both men seem to have excelled practically 
all other calculators. But while Gauss undoubtediy began as 
a ‘‘natural’’ calculator, he afterwards also used logarithms and 
other ‘‘artificial’’ methods in his mental calculations ; so that, 
even if we grant—though there is no known evidence for the 
view—that he used a large memorized multiplication table, 
his case affords no basis for inferences concerning the procedure 
of other calculators less gifted mathematically. Thus the case 
of Dase alone among the ‘‘major calculators’’ remains for fur- 
ther consideration. 

We have already seen that in rapidity and extent of calcula- 
tion Dase stands in a classapart. It would therefore be unsafe 
to say dogmatically that his methods did not differ from those 
of other calculators. Even in his case, however, the ordinary 
methods are sufficient to explain all his feats, without recourse 
to the extended multiplication table theory. Inaudi could per- 
form a 2-figure multiplication, by the ordinary method, in 2 
seconds, the partial products involving 6 figures, or at the rate 


1 Scripture, op. cit., p. 46. 
2Riv. sper. dt Fren., XXIII, 1897, p. 411. 
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of 180 figures of partial product per minute. Dase required 
54 seconds for an 8-figure multiplication, with not more than 
72 figures of partial product, or 80 figures per minute, a falling 
off of about 55% from Inaudi’s speed in the shorter operation. 
For any other calculator a much greater falling off would 
naturally be expected ; but in a 4o-figure multiplication, per- 
formed in 40 minutes, Dase was able to maintain a speed of 
41 figures of partial product per minute, and in a 1oo-figure 
multiplication a speed of about 20 figures per minute, in com- 
plete defiance of the rules that hold for other calculators.’ 
Hence even if we grant that Dase divided the numbers into 
3-figure periods, he may well have multiplied within those 
periods by the ordinary method, without having recourse to a 
table larger than 10x Io. 

There is no warrant, then, for supposing that any of the 
prodigies except Gauss and Dase used a multiplication table 
larger than that of ordinary mortals; and even in these two 
cases there is no direct evidence, only a bare possibility; all 
their known feats are explicable on the supposition that they 
used the small tables of Bidder, Inaudi, and the rest. We may 
therefore dismiss the theory of enlarged multiplication tables, 


1In Binet’s tests Inaudi performed a 2-figure multiplication in 2 
seconds, 3-figure in 6.4 seconds, 4-figure (the limit of his ordinary stage 
exhibitions) in 21 seconds, 5-figure in 40 seconds, but 6-figure in 4 min- 
utes, or 240 seconds. This sudden increase in the time, 6 times as long 
for 6 figures as for 5 figures, seems to indicate that in passing from 5 
to 6 figures Inaudi exceeded the limits of his ordinary practice, and 
became confused. Bidder (Proc. Jnst. C. £., XV, p. 256) suggests 
that in cases where the multiplicand contains the same number of fig- 
ures as the multiplier, the difficulty should increase roughly as the 
fourth power of the number of figures in the multiplier, since the 
number of partial product figures involved increases as the square of 
the number of figures in the multiplier, while the difficulty of remem- 
bering the larger numbers also increases roughly as the square of the 
number of figures in the multiplier. On this basis, the time for 6 fig- 
ures ought to be about twice as long as for § figures, whereas with In- 
audi it was 6 times as long, or 3 times the theoretical speed. In Dase’s 
case, however, the results are all in the other direction. In passing 
from 8 figures to 4o figures his time increased only about 44-fold, or 
1-14 the theoretical increase (625 times); and in passing from 40 figures 
to 100 figures the increase in time was only 13 instead of 39 times, or 
\% what we should expect on Bidder’s theory. Of course these com- 
parisons cannot pretend to be exact; still they are interesting, as 
showing how little Dase’s powers were strained by increase in the size 
of the numbers. Nowhere in his calculations is there any indication 
of such confusion as overcame Inaudi in passing from 5 figures to 6 
figures. In fact, we may well suppose that only physical fatigue 
could limit the extent of Dase’s calculations in a single sitting. If he 
could, like Buxton, after a night’s rest resume his work where he left 
off on the previous day, it is safe to assume that even a 200-figure 
multiplication would hardly have been beyond his powers. 
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at least until its advocates have brought forward further and 
more definite evidence than any that has yet been produced. 
Factoring was a favorite problem with Colburn, Bidder, and 
Safford; none of the others, however, are known to have ex- 
plored this field. Colburn and Bidder, and doubtless Safford ' 
as well, used 2-figure endings in solving problems of this class. 
We have seen that sguare and cube root problems were favor- 
ites with several of the prodigies. Here, as in multiplication, 
Dase towers above all the rest; he could extract the 30-figure 
square root of a 60-figure number in an ‘‘incredibly short 
time,’’ and the 50-figure square root of a 1oo-figure number 
in 52 minutes. His method was probably similar to the or- 
dinary written method, but with the short-cuts suggested by 
his great familiarity with large numbers. Whether he found 
part of the numbers by simple division, or preferred to continue 
his approximations in the ordinary way to the end of the proc- 
ess, is not known. He was almost certainly acquainted with 
some of the properties of 2-figure endings,*? and may have used 
them in finding the roots of small numbers. More probably, 


1 The evidence in Safford’s case is as follows: (1) The general simi- 
larity between Safford on the one hand, and Colburn and Bidder on the 
other. All three specialized in evolution and factoring, where 2-figure 
endings are peculiarly helpful; Colburn and Bidder tell us explicitly 
that they used these endings; hence it is probable that Safford did 
also. (2) Safford extracted the cube roots of three 7-figure numbers 
‘“fnstantly.”’ Now the ending method is instantaneous for numbers 
up tog figures, and is the only known method that is instantaneous. 
(3) When asked the cube root of 3,723,875, he answered, ‘‘755, is it 
not?’’? whereas in the case of numbers not ending with 5 his answers 
were categorical. Now for most odd endings there is only oue possi- 
ble cube root; but for the ending 75 there is a choice between 15, 35, 
55, 75, and 95. A slight hesitation between 135 and 155, or 155 and 175, 
would therefore be natural if he depended on the ending primarily, 
whereas if he depended on memorization of other cubes, or direct cal- 
culation, multiples of 5 would be no harder than other numbers. 

2 The evidence in this case is that Dase was fond of finding 5th pow- 
ers, because the last figure was always the same iu the 5th power as 
in the given number. (Gauss-Schumacher Briefwechsel, V, p. 382.) 
Now the 5th power also has the property that, in many cases, the last 
figure alone of the given number determines the last wo figures of 
the 5th power. Any one who had found 5th powers often enough to 
acquire a preference for them could hardly fail to note this property, 
which in turn might easily lead to the discovery of the properties of 
10th and 20th powers, especially since roth and 20th powers are also 
themselves 5th powers. But since at the 20th power there are ouly 
four possible endings,—oo for numbers ending with o, 25 for numbers 
ending with 5, or for all other odd numbers, and 76 for all other even 
numbers,—and since after the 20th power the cycle of endings re- 
peats,—the 21st power ending being usually the same as the Ist, the 
22nd always the same as the 2nd, etc.,—the properties of the whole 
cycle are readily investigated, and would be almost certain to attract 
the calculator’s attention, as soon as he had become really interested 
in 5th powers. 
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however, he knew by heart the squares of all numbers at least 
up to 100, in which case 2-figure endings would be of less use 
to him. In dealing with numbers of 60 or 100 figures they 
would be practically useless, for the reason that where the 
given number is as long as this, it is usually selected by the 
questioner at random, rather than formed by laboriously 
squaring a large number. Hence the given number will 
rarely be a perfect square, and the method of endings will not 
give even the last two or three figures. Whether it can be 
used at any of the intermediate stages of the work is doubtful.’ 

Most of the other prodigies who have made a specialty of 
square and cube root problems either depended on 2-figure end- 
ings, resorting to guess and trial when the given numbers were 
not perfect squares or cubes, or else kept in mind the squares and 
cubes of many or most of the numbers up to 100 or beyond. Such 
methods would work fairly well when the root contained not 
more than 5 or 6 figures. Answerscan be obtained ‘‘instantly,’’ 
however, only by the method of endings, and even by that 
method only when there are not more than 3 figures in the 
root; though the method might be made ‘‘instantaneous’’ for 
4-figure roots of exact squares and cubes if the calculator had 
committed to memory the squares and cubes of all numbers 
under 100. 

Inasmuch as the part played by 2-figure endings has hitherto 
been little recognized by students of the mathematical prodi- 
gies, it seems worth while here to determine, if possible, just 
how widely they were used by the different calculators. Col- 
burn, Bidder, Safford, Zaneboni, and the present writer, we 
have seen, used them more or less freely. There is some 
evidence, not conclusive, however, that Dase was familiar with 
their properties. The daughter of the Countess of Mansfield 
extracted readily the square and cube rootsof 9-figure numbers, 
and may have used this method. Gauss was familiar with 
many propositions in number-theory, of which the properties 
of 2-figure endings are only special cases; it would hardly be 
safe to infer, however, that he used these properties extensively 
in his mental calculations. A bare possibility exists in the case 
of one or two other calculators—Mondeux, for instance—that 


1John Wallis (1616-1703), according to letters of his reprinted in the 
Classical Journal, XI, 1815, p. 179, and in the Spectator, LII, 1879, p. 
II, extracted the square root of 3,00000,00000,00000,00000,00000,00000, 
00000,00000 riientally, and on another occasion the square root of a 53- 
figure number. The third figure of the first answer is wrongly given 
in both journals as 7 instead of 3; asthe next 3 or 4 figures are cor- 
rect, however, for ./3, the error is probably only typographical. In 
the Spectator the first problem is wrongly given as 30000, etc., instead 
of 3,00000, etc. Scripture (op. cit., p. 38) carries over both errors 
from the Spectator without comment. 
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the properties of the endings were more or less fully known. 
Without seeking to exaggerate the importance of these end- 
ings, therefore, we may safely say that of the calculators we 
have studied, about one in every four was familiar with them. 
Their importance for us here, however, is rather as an illustra- 
tion of the sort of numerical symmetries and properties which 
arouse the interest of the calculator than as new and valuable 
discoveries; in fact, from the mathematical standpoint they are 
trivial and of very limited interest. To answer questions in 
evolution and factoring, the mathematician would turn to his 
tables of factors or roots, or to a logarithm table; he would re- 
gard the properties of the mathematical prodigy’s 2-figure 
endings as unimportant special cases of more general proposi- 
tions in the theory of numbers. Up to the present time, then, 
these endings are of merely curious interest except in connec- 
tion with mental calculation; though itis conceivable, of course, 
that if a new and comprehensive theory of their properties 
were worked out, it might find a subordinate place in the theory 
of numbers.’ 

It will be noted that the term ‘‘ending’’ has been used in 
the present paper as a synonym for ‘‘2-figure ending,’’ the 
implication being that no other kinds of endings are of im- 
portance in mental calculation. It is easy to see why this 
should be so. The properties of 1-figure endings, or last 
figures, are so simple that many of them are familiar to the 
average schoolboy, and they tell so little about the answer to a 
given problem that their utility in mental arithmetic is negli- 
gible. To study 3-figure endings, on the other hand, would 
involve a large number of 3-figure multiplications; so that here, 
as in the case of the multiplication table, if the endings are 
used at all, the use of the smaller (2-figure) endings becomes a 
fixed habit long before larger ones could be of any real use. 
The only known exception occurs where the given power ends 
with 5; in this case there is an unusually large number of 
possible roots, and in seeking for some way of choosing be- 
tween them, some of the calculators (Bidder, for example) 
noted what 2-figure roots corresponded to the various 3-figure 
endings for multiples of 5. It is obvious, however, that the 
use of 3-figure endings in this exceptional case would not war- 
rant the inference that they were used in any other case; and 
Bidder’s testimony shows clearly that he, at any rate, made 
no further use of them. 


1In one sense, however, these endings may be regarded as the prop- 
erties or functions of numbers analogous to logarithms, and previous- 
ly unknown to mathematicians, which some writers suggested might 
explain Colburn’s rapidity in calculation, especially in evolution and 
factoring. (Phil. Mag., XL, 1812, p. 125; Analectic Mag., 1, 1813, 
p. 128.) 
JOURNAL—8 
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Many simple algebraic problems were solved mentally by the 
different calculators. Those who had a general mathematical 
training of some sort—Ferrol, Safford, and Gauss, for exam- 
ple—doubtless solved these problems by algebraic methods. 
Many of the others, however, depended on simple trial, or on 
little tricks which are readily discovered for certain classes of 
problems, and need not bedweltonhere. It is safest to assume 
that the method was one of simple trial in all cases where there 
is not definite evidence to the contrary. 

Bidder’s method of solving compound interest problems has 
already been described. In this particular branch he seems 
never to have had a rival. 

Arithmetical Association. Under this caption Scripture,’ in 
part following De Morgan and others, has given an account of 
some of the ways in which the psychological processes of men- 
tal calculation can be shortened. He points out, in particular, 
that with practice the mental calculator can easily train him- 
self to omit useless words, and think only of the zumdéers con- 
cerned; thus instead of saying, ‘‘3 and 4 are 7,’’ ‘‘3 times 7 
are 21, put down 1 and carry 2,’’ and the like, he can learn to 
say simply, ‘‘3, 4, 7,’’ ‘‘3, 7, 21, 1, 2,’’ ete. As De Morgan 
expresses it,’ ‘‘Don’t say ‘carry 3,’ but doit.’’ It is evident, 
furthermore, that as the process gradually becomes more and 
more familiar and automatic, many of the intermediate steps 
of the computation may partly sink into the background of 
consciousness, perhaps even disappearing altogether from the 
field of attention; thus, as we have already seen, the interme- 
diate links in Bidder’s 2-figure multiplications were at one time 
so completely automatic that he believed they were altogether 
absent, and supposed he possessed a multiplication table ex- 
tending to 100 x 100 or even beyond. Moreover, where the 
given numbers are familiar, only part of a number may be 
clearly conscious, even when the whole number functions in 
the calculation. Thus in the present writer’s case the ending 
of a number may for many purposes completely replace the 
number itself. A further abbreviation which may be noted is 
that, in the case of an auditory calculator, any chance visual 
associations which may be present in the early stages of his 
calculations, but which play no active part in them, may grad- 
ually drop out as his skill increases. The same thing may 
happen, in certain cases, with the associated motor tendencies, 
if they are not too strong. These psychological short-cuts, in 


10p. cit., p. 42 ff. 

2Elements of Arithmetic. London, 1856, p. 164. In this work (pp. 
161-5) will be found a very clear account of the natural counting 
process, with some of its modifications and short-cuts, by which the 
‘natural’? mental calculator is developed. 
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connection with the mathematical short-cuts to which we have 
already referred, explain the great rapidity attained by some 
of the prodigies in their mental operations. 

Acertain amount of caution is necessary, however, in at- 
tributing these various short-cuts to individual calculators, 
except where we have their own explicit testimony as a check. 
Binet was able to establish that Inaudi, in his mental multipli- 
cations, made little, if any, use of these short-cuts; and simple 
repetition of the unabbreviated calculations will produce a con- 
siderable increase of speed without further aid in the way of 
mathematical or even psychological short-cuts of the sort just 
described. We have seen how little ground there is for attribu- 
ting extensive multiplication tables to most of the prodigies; 
yet some writers have supposed that this was the simplest, if 
not the only, explanation of the speed with which many of the 
prodigies could calculate. In theory, there is no definite limit 
to the short-cuts possible in mental calculation, and it is evi- 
dent that in the case of such a man as Dase a good many of 
these short-cuts must be actually realized in practice; at the 
same time, it is not safe to attribute any particular short-cut to 
a given calculator unless specific evidence is at hand that he 
actually used that particular method and not some other 
equally rapid. 

Memory. (a) Memory versus Calculation, It has become 
customary, in the literature on mathematical prodigies, to dis- 
tinguish more or less sharply the parts played by memory and 
by calculation proper in the various operations, especially 
where the numbers dealt with are very long. Bidder tells us 
that only the limits of his memory would stand in the way of 
performing immense calculations in an incredibly short time. 
Buxton was excessively slow in calculating, but had such a 
tenacious memory that he could work on a problem for weeks, 
and so solve almost any problem, long or short, that happened 
to arouse his interest. Dase, according to this view, differed 
from ordinary mortals mainly in the possession of a wonderful 
memory; but as far as the calculation proper is concerned, we 
have the authority of Gauss for the statement that Dase’s 100- 
figure mental multiplication, which required 834 hours, could 
be done on paper in perhaps half the time.’ This view implies, 
then, that the processes of the calculator in a very long mental 
multiplication are essentially the same as in a very short one, 
being in either case substantially those of written multiplica- 
tion; in other words that the work, computed bit by bit in 
the long as in the short multiplication, is retained in the mem- 
ory in a more or less isolated and mechanical fashion, just as 


1 Gauss-Schumacher Brie/wechsel, V, p. 297. 
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on paper the partial products are first computed and recorded, 
figure by figure, and then added. Practically, then, the view 
is a sort of common-sense faculty psychology, seeking to jus- 
tify itself by pointing to the difference in speed between mental 
and written multiplication. 

Now it can hardly be questioned that the mathematical 
prodigy’s figure-memory is superior to the ordinary man’s. 
Dealing constantly with figures, the mental calculator learns to 
assimilate them readily. A 20-figure number, which for most 
of us is a meaningless string of figures devoid of interest, for 
him ‘‘makes sense,’’ and so is easy to learn, just as a page of 
French is more easily learned by a Frenchman than by a for- 
eigner who knows little or nothing of the language. Hence 
we may safely assume that the calculator’s figure-memory will 
outstrip his powers of calculation; that is to say, by the time 
he can mentally multiply two 6-figure numbers, let us say, he 
will have little or no trouble in remembering almost at a glance, 
or after a single hearing, two numbers of 7 or 8 figures each. 
This is on the supposition, of course, that he has never prac- 
ticed remembering long numbers merely for their own sake; 
we must here distinguish those calculators, like Zaneboni, who 
were fond of committing statistics or very long numbers to 
memory without any immediate intention of using these num- 
bers in mental calculations, from those who made no effort to 
develop their memory for figures except in the service of cal- 
culation. 

The question is, then: Will special practice in memorizing 
numbers, apart from their use in calculation, extend the powers 
of the prodigy in calculation proper? In other words, does he 
use the same mathematical and psychological processes in a 
long multiplication as in a short one, except that in the former 
he stops every now and then to deposit some of his partial re- 
sults temporarily in his memory, later returning and picking 
them up in orderto unite them into a final result? In written 
arithmetic we compute a series of partial results, register these 
results on paper at each stage, and later come back to unite 
them, by a separate operation, into the total product; is this 
the general scheme of mental multiplication also? 

It would perhaps be unsafe to answer this question dogmati- 
cally in the negative; at the same time, we should have to 
distinguish as an ‘‘artificial’’ calculator any one who proceeded 
in this way, even granting that it has ever been done, which is 
not known to have been the case with any recorded prodigy. 
We have already seen that both the mathematical and the psy- 
chological processes involved in mental multiplication differ 
considerably from those of written multiplication. Moreover, 
the two have quite distinct origins; mental arithmetic grows 


¥ 
* 
“a 
#4 
3 
ig 
Hy: 
4 
oF 


MATHEMATICAL PRODIGIES. 117 


naturally and independently out of counting, written arithmetic 
out of more or less arbitrary rules learned from teachers and 
books. Any argument based on the methods of written mul- 
tiplication, therefore, or on the difference in speed between the 
two dissimilar operations of mental and written arithmetic, 
must be accepted with considerable caution. The fact that on 
paper the computing and the recording are two distinct opera- 
tions does not prove that in mental arithmetic memory and 
calculation are two separate faculties, and that when the num- 
bers to be multiplied are very long, the difficulty is all on the 
side of memory and not at all on the side of calculation. 

Even in Buxton’s case, where the discrepancy between mem- 
ory and calculating power seems as clear as anywhere, we 
cannot give the credit to memory, as opposed to calculation. 
Buxton’s calculations, to be sure, whether long or short, were 
excessively slow; but so was his memory (in the sense of 
power of acquisition of figures): we are told that he compre- 
hended even (simple) arithmetical questions ‘‘not without 
difficulty and time.’’* Like Bidder and many—perhaps most 
—other calculators, he began work at the left of the numbers, 
adding up the partial products as he went along, and not wait- 
ing until all were obtained. Moreover, we have seen fairly 
good reasons for supposing that he worked by a process of 
modified counting, rather than by multiplication proper, divid- 
ing the work into stages in his own peculiar way, but for 
the most part keeping in mind only one or two partial 
results, and using them in calculation as soon as possible. 
This means, however, that his processes in a long multi- 
plication were not simply the same as in 2-figure mul- 
tiplications, plus a tenacious memory; he really calcu- 
lated with the /arge numbers, and in dealing with them doubt- 
less used some special short-cuts, though far fewer than most 
other calculators. In short, he really was, in his way, a ‘‘great 
calculator,’’ not a ‘“‘little calculator’’ with a ‘‘big memory.’’ 
He calculated with large numbers because they had an interest 
and a meaning for him which they have not for the ordinary 
man. The difference between the man who can unravel a half- 
page sentence of technical German and the one who can 
scarcely understand a two-line sentence is not primarily a mat- 
ter of memory, but of interest and meaning; and the same 
holds good of the calculator who handles large numbers, as 
compared with the one who does not. Zaneboni had an unu- 
sual interest in memorizing figures for their own sake, and 
Inaudi had a highly developed figure-memory, yet we do not 
read that these men made a specialty of long multiplications ; 


1Gent. Mag., XXIV, 1754, p. 251. 
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their figure-memory as such and their figure-memory as sub- 
servient to their interest in calculation were quite distinct.’ 

We cannot agree with Binet,’ therefore, that mental calcula- 
tion combines the two distinct and independent elements of 
memory and calculation, of which memory is really distinctive 
in the case of the great calculators, the one characteristic in 
virtue of which they are inimitable and indefinitely superior to 
the rest of mankind. Inaudi, to be sure, was inferior to the 
department-store cashiers on short multiplications, because he 
had not practiced them as much as his rivals had; but his 
superiority in long multiplications is equally due to practice in 
calculation, not to superior memory as such. Some of his cal- 
culations were slower than those of a good computer on paper, 
others were faster; but the mental and even the mathematical 
processes are so different in the two cases that no value attaches 
to the comparison. His skill in memorizing long numbers was 
the result of practice, perhaps in the service of addition, per- 
haps for its own sake, but was not the secret of his calculation. 
That he remembered the 200 or 300 numbers used in one of 
his public exhibitions was due to his z/evest in the figures, on 
account of their connection with his calculations ; where that 
interest was lacking, he could remember only a third as many 
figures in the same period of time. And how little connection 
his figure-memory had with his calculations proper is shown 
by the fact that when he exceeded the range of his practice in 
calculation, and passed from a 5-figure to a 6-figure multiplica- 
tion, he required six times as long,—a result inexplicable, in a 
man who could retain 42 figures on a single hearing, if memory 
is the real secret, but much less surprising if practice in calcu- 
lation is the important thing. In short, figure-memory is im- 
portant in the psychology of mental calculation only in so far 
as it stands i the service of calculation and intimately bound up 
with it; to make a sharp distinction between the two, and lay 
the emphasis on memory as opposed to calculation, is to be led 
astray by a distinction of common-sense psychology whose use- 
fulness has long since been outgrown. 

(6) Memory type. We have seen that up to 1892, when 
Inaudi was shown to belong to the auditory type, it was gen- 
erally taken for granted that all mathematical prodigies were 
visual. Of the two important calculators since discovered, 


1Jn the case of long additions, such asInaudi’s additions of 21-figure 
numbers, the distinction between memory and calculation may at first 
seem clearer than in multiplication. Actually, however, the two are, 
if anything, more closely connected in addition than in multiplication; 
for the calculation involved is so simple and automatic that it probably 
always begins during the process of memorizing the second number. 


Op. cit., p. 194. 
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Diamandi is undoubtedly visual, and Zaneboni is so described 
by the authors of the article in the Rivista di Freniatria, though, 
as we shall see, his case is somewhat doubtful. Up to the 
present time, then, Inaudi has been supposed to be the only 
non-visual calculator on record; no one seems to have raised 
the question whether all the supposedly visual calculators act- 
ually were visual and not auditory. It is proposed here to make 
an attempt to answer this question ; and while it will, of course, 
not be possible in all cases to reach perfectly definite conclu- 
sions, we can at least make a start in the right direction, and 
put the whole subject on a more satisfactory and critical basis. 

First, however, it will be necessary to define our terms. It 
should be understood at the outset that no absolute line can be 
drawn between the two types. In ordinary life the most com- 
mon type would probably be the ‘‘mixed’’ type. But it will 
be impossible, on the basis of the available data, to enter upon 
this question of the gezeral memory type of the different calcu- 
lators. The most we can hope to do is to determine to which 
type they belonged zz their mental calculations; and while it is 
probable that this will usually coincide with their general type, 
the fact can by no means be taken for granted. Fortunately, 
however, it is much easier to decide in a narrow field than to 
decide the general question; and in calculation, especially, 
there are a number of fairly definite and reliable indications 
which will render the task somewhat easier than it would be in 
many other fields. 

By a visual calculator, then, we shall mean one in whose 
mental calculations visual images of some sort play an essential 
part. Auditory elements will probably always be present be- 
sides, in greater or less degree; but if the visual elements play 
an essential r6le, we may call the calculator visual, since any 
more minute classification would be impracticable without more 
detailed information than we possess concerning the individual 
men. The visual elements may take various forms. The cal- 
culator may see numbers as dot-patterns, as Proctor did. He 
may have a number-form. Or he may see the figures of his 
calculations written or printed before him, more or less dis- 
tinctly, but not necessarily in complete detail, since short-cuts 
and abbreviations may be connected with visual images as well 
as with any others. In other words, the visual image need 
not be a photographic reproduction of the complete written 
calculation ; if it is essential, in however schematic and abbre- 
viated a form, its presence is the mark of a visual calculator. 

Inasmuch as written figures are the commonest form of the 
visual image,—Proctor is the only calculator known to have 
used dots in his actual calculations,—it is to be expected that 
in most cases the visual calculator’s methods of calculation will 
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not take shape until after he has learned to write figures. Since 
the visual image is simultaneous, while the auditory image is 
successive, it will be easier for a visual than for an auditory cal- 
culator to reverse his image, and call off a number backwards. 
Hence the ability to read off a number from memory either 
forwards or backwards will establish a presumption in favor of 
visual type. This is not a conclusive indication, however, 
since with practice an auditory calculator also could learn to 
reverse his numbers, especially where they were short. At the 
same time, the reversal is so much easier for a visual than for 
an auditory image that it must be considered as establishing at 
least a presumption in favor of the visual type, especially when 
corroborated by other indications.’ 

We may call a calculator auditory (or auditory-motor), on 
the other hand, when there is some definite reason for believing 
that visual images do of play an essential part in his mental 
calculation, or that motor tendencies are closely associated with 
it. Visual images need not be completely absent, especially 
in the early years of a precocious calculator; but if they were 
present at the start, we must have some reason for believing 
that they became unimportant as his proficiency increased. 
Similarly, the motor tendencies may, with practice, partly or 
wholly drop out; but in this case they will tend to return when 
new and unpracticed facts are attempted. In consequence of 
the verbal nature of the counting process in which natural 
mental arithmetic begins, it is hard to conceive of a visual 
calculator in whose operations words (and hence auditory 
images) do not play a part of greater or less importance; it is 
much easier, on the other hand, to conceive of an auditory cal- 
culator in whom visual elements are almost wholly absent, 
except in the form of an occasional chance by-play of associa- 
tions which have no essential function in the calculation proper. 
If this is the case, however, it constitutes a presumption that 
any given calculator is auditory unless evidence exists to the 
‘contrary, and throws the burden of proof upon the visual side. 

The most definite indications of auditory type are as follows: 
(1) A tendency to articulate during calculation, especially in 
relatively unfamiliar operations; this may be regarded as 
practically conclusive evidence of auditory (or auditory-motor) 


1Curiously enough, however, we have no specific record of the pos- 
session of such a power of reversing numbers by either Diamandi or 
the younger Bidder, the only two calculators for whom we have per- 
fectly definite and unequivocal evidence of visual type; though it is 
practically certain that Diamandi, at any rate, possessed the power in 
some degree, since after learning a square of figures by rows from left 
to right he could, with little difficulty, repeat them in ascending or 
descending columns. 
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type. (2) Theabsence of any indication of visual elements in 
the prodigy’s mental calculations. This argument, however, 
is of no practical weight except in cases where we have a fairly 
full account, from the prodigy himself, of his methods of calcu- 
lation. Where this is the case, it is fairly safe to assume that 
at least some of the various indications of visual type will be 
present in the narrative if the calculator is really visual. Col- 
burn and Bidder are the only men who have left us such narra- 
tives, and in neither case do we find any reference to visual 
processes ; hence a strong presumption exists that both these 
men were auditory. (3) General resemblance to known audi- 
tory calculators. This is not a very satisfactory indication, in 
general, unless the resemblance is close in several important 
respects ; but in certain cases, owing to the meagreness of the 
sources of information, it is almost the only indication we have. 
It is more reliable, of course, if it covers several indications 
which, though perhaps each inconclusive by itself, may have 
a cumulative weight. 

Let us now examine the evidence in the case of the different 
individual calculators, in each group taking those cases first 
where there is least room for difference of opinion. 

As visual calculators we may name at once the younger Bid- 
der and Diamandi, both of whom possessed number-forms and 
used cross-multiplication; the younger Bidder, moreover, made 
the not very profound observation that he could ‘‘conceive no 
other (non-visual) way possible of doing mental arithmetic.’’ 
Diamandi took up mental calculation after leaving school, at 
the age of 16, and hence after learning to read and write; the 
same is probably true of the younger Bidder, though inasmuch 
as his number-form shows the influence of the clock in the 
circular arrangement of the numbers up to 12, he may possibly 
have learned numbers visually from this source before he 
learned the alphabet. 

Whether Dase was of the visual type it is difficult to say. 
He may have learned to read and write before he began to cal- 
culate,’ though this is not certain; he could repeat numbers 
backwards with great ease; he could learn a number of 12 
figures almost at a glance; and his skill in rapid visual count- 
ing was remarkable. All these indications point in the visual 
direction, yet they are by no means as satisfactory as the proofs 
in the other two cases. We have already seen that Dase stands 
in a class by himself, and that an enormous amount of practice 
is presupposed by his feats, whatever his memory type; it is 


1He attended school at the age of 2%, but attributed his skill in cal- 
culation to later practice and industry rather than to his early school- 
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not impossible, therefore, that he was auditory, since with suffi- 
cient practice an auditory calculator could learn to reverse 
numbers readily and to count objects at a glance. Robert 
Houdin and his father, we know, acquired by practice a con- 
siderable power of rapid visual counting. Moreover, it does 
not follow that a man who by practice has developed a power 
of visualization in this field will likewise use visual images in 
mental arithmetic, especially since the precise amount of visual- 
izing power needed for Houdin’s feats is not at all easy to 
determine. But in order to avoid one-sidedness we may give 
the visual theory the benefit of the doubt, and call Dase a 
visual calculator, bearing in mind, however, that the evidence 
is by no means as satisfactory in his case as in the case of 
Diamandi or the younger Bidder. 

The case of Zaneboni is likewise somewhat doubtful. He 
began to calculate at the age of 12, after learning to read and 
write, and used written lists in some of his memory feats; he 
also seems to have made more or less use of visual images in 
answering questions concerning railway distances and the like. 
He could repeat a memorized 256-figure number almost as 
readily backwards as forwards. It is not at all clear, how- 
ever, to just what extent he used visual images in his mental 
calculation proper, as distinguished from figure-memory proper; 
and in the experiments of Guicciardi and Ferrari there are 
some indications which clearly show a leaning in the auditory- 
motor direction. If we were discussing his memory-type in 
general, instead of his type simply in calculation, we should 
undoubtedly be safe in describing him as ‘‘mixed’’; but the 
definitions we have adopted of the terms ‘‘visual calculator’ 
and ‘‘auditory calculator,’’ do not admit any intermediate type, 
since we have agreed to call a calculator visual if visual images 
play any essential part in his calculations. A detailed exam- 
ination of the available data concerning his type as a calculator 
would take up far more space than its importance would war- 
rant, and even then would leave us in doubt just where to 
placehim. It seems wisest, therefore, to give the visual theory 
once more the benefit of the doubt, and call Zaneboni a visual 
calculator, despite the inconclusiveness of the existing evidence. 
We find so far, then, four visual prodigies,—the younger Bid- 
der, Diamandi, Dase, and Zaneboni,—of whom only the first 
two, however, are above suspicion.’ 

As auditory calculators we may name at once Inaudi, Ferrol, 
who in ordinary life was an abnormally poor visualizer, Saf- 


1The name of Proctor has been omitted from this list, owing to the 
absence of information concerning the extent of his calculating power; 
there is no doubt, however, that his calculations, as far as they went, 
were visual in the sense already defined. 


a) 
i 
‘ 
| 
if 
ry 


MATHEMATICAL PRODIGIES, 123. 


ford, who talked to himself when originating new rules, and 
the present writer. The cases of certain other calculators who 
were almost certainly auditory require some discussion, since 
at first sight the evidence appears to be conflicting. 

That Bidder was of auditory type is shown by the following 
considerations. (1) He learned to count and calculate before 
learning to read and write, and constantly emphasizes the im- 
portance of this fact in his lecture before the Institution of 
Civil Engineers. After learning to count, he taught himself 
the multiplication table to 10x 10 by means of rectangles of 
shot; but he expressly speaks of counting’ the shot after thus 
arranging them, not of seeing a picture of them, or of grouping 
them in visual patterns. Again, when he recommends this 
method of teaching mental arithmetic,? he lays stress on ar- 
ranging the actual objects and then counting them, not on 
seeing such vivid mental pictures as would render the presence 
of the actual objects superfluous. Hence we are warranted in 
assuming that if Bidder had visual images of his shot and 
marbles at first, they played no part in his actual mechanism 
of mental calculation, and later dropped out. If this is the 
case, then the use of pebbles and the like in childhood is not, 
as it would at first seem, a proof of visual type. 

(2) Bidder’s reiterated emphasis on the ‘eachableness of 
mental arithmetic, by his methods, to any person of average 
ability,* is itself a fairly good indication of his auditory type. 
Any one can learn to count in auditory terms, but not every one 
can learn to visualize numbers, to ‘‘have a good imagination” 
for them. If visual aids played any essential part in his mental 
calculations, then, we should expect him to stipulate that the 
mental arithmetician must possess a certain minimum of im- 
agination. Bidder’s son, it will be remembered, who was of 
strongly visual cast, could ‘‘conceive no other way possible of 
doing mental arithmetic.’’ The elder Bidder, on the other 
hand, can discover in himself‘ ‘‘no particular turn of mind, 
beyond a predilection for figures, which many possess almost 
in an equal degree with myself.”’ 

(3) There is a notable absence of visual metaphors in Bid- 
der’s descriptions of his calculating operations, and a strong 
insistence on the successive character of the processes involved; 
whereas a visual calculator, in an account so full and clear as 
Bidder’s, could hardly have avoided at least a few visual com- 
parisons, and would not have laid stress on the serial, one- 
thing-at-a-time character of the processes. Bidder speaks® of 


1Proc. E., XV, p. 258. 

2Jbid., » 27 

8Proc. Inst. ee £., XV, pp. 252, 253, 256, 261, 278. 

*Jbid., p. 253- ®Proc. Inst. C. £., XV, p. 254. 
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‘‘registering’’ the numbers in his memory, not of seeing them; 
in mental calculation ‘‘every mental process must be analogous 
to that which is indicated in working out algebraical formulz,’’ 
and, ‘‘no one step can be omitted.’’ In reading the page of a 
book, ‘‘every letter of that page passes in review through the 
mind’’; note the abstractness of the phrase here, where a visual 
figure would be almost inevitable for a man of visual type. 
Ideas of numbers are best impressed on the mind’ ‘‘without 
any reference to symbols’’; written figures are? ‘‘unmeaning 
symbols.’’ As soon as we attempt to go beyond 3-figure mul- 
tiplications to those of 4 figures, ‘‘another idea must be seized 
by the mind’’, namely, the idea (word) ‘‘thousands,’’ and 
‘this increases the strain on the registering powers of the 
mind.’’* In multiplication, one fact and only one is to be kept 
in mind at each stage.* Bidder would? ‘‘ despair of any great 
success in the pupil’s progress in the science of arithmetic if he 
did not commence before he knew anything of symbols, and if 
his first conception of numbers was not derived from their real 
tangible quantity and significance.’’ Here, as frequently 
throughout the paper, the written symbols (visual and simul- 
taneous) are contrasted with the ‘‘significance’’ of the num- 
bers, 7. e., their place in the (successive and auditory) series 
of numbers used in counting. 

In the one place (p. 255) where Bidder does use a visual 
comparison, it is the hackneyed one of a flash of lightning—an 
expression which has passed so completely into the every-day 
vocabulary that its original figurative force is seldom distinctly 
realized by those who use it. Bidder employs the phrase sim- 
ply to show the rapidity and clearness with which needed 
numerical ideas come into his mind; this no more indicates 
visual type (where the counter-evidence is so strong) than the 
familiar phrase ‘‘like a flash’’ proves that things ‘‘understood’’ 
in that way are ‘‘seen’’ in visual terms. In fact, the verb 
‘‘see’’ and the commoner stereotyped visual metaphors 
(‘‘clear,’’ ‘‘like a flash,’’ etc.) are so firmly established as 
synonyms for ‘‘understand,”’ etc., that, unless corroborated by 
more definite evidence, they prove nothing at all concerning 
the memory type of any one who uses them. 


p. 263. 

2Jbid., p. 261. 

8Proc. Fast. C. £., XV, p. 263. Inaudi, like Bidder an auditory cal- 
culator, always keeps in mind the names (thousands, millions, billions, 
etc.) of the different periods of numbers, whereas a visual calculator 
would be much more likely to depend simply on his visual memory 
of position, and drop out the names of the periods as useless, like the 
words “‘put down 3 and carry 2,’’ etc. 

pp. 260, 263. 

5Jbid., p. 279. 
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There can be little or no doubt, then, that Bidder was an 
auditory calculator. Scripture’s sole evidence’ of visual type 
in Bidder’s case consists in wrongly attributing to him the 
younger Bidder’s remark about the only conceivable way of 
doing mental arithmetic. The only other apparent evidence 
that Bidder was a visual calculator is the fact that he had good 
powers of visualizing diagrams and the like.* But we are not 
trying to determine Bidder’s memory type in general, but only 
his type as a calculator; and the evidence in the latter field is 
practically conclusive in favor of auditory type. If we knew 
absolutely nothing else about Bidder’s memory type in general 
except that he was a good visualizer of diagrams, that fact might 
establish a very slight presumption in favor of visual type even 
as a calculator; but in the presence of more definite evidence 
the fact is quite irrelevant here, except in so far as it shows that 
he was not, like Ferrol, of extreme non-visual type outside of 
calculation. 

What, now, of Colburn’s memory type? In Gall’s account?® 
we are told that ‘‘in calculations at all complicated, he [Col- 
burn] is often heard to multiply, add, or subtract, aloud, and 
with incredible rapidity.’’ In the Philosophical Magazine,‘ 
too, we find a reference to the ‘‘motion of his lips while calcu- 
lating,’’ and this we may take as practically conclusive 
evidence of auditory (auditory-motor) type. As corrobora- 
tive evidence we may point to the close resemblance of the 
three calculators Bidder, Safford and Colburn, all of whom 
learned to calculate before learning to read and write, and 
showed a marked preference for a class of problems (evolution 
and factoring) not cultivated to an equal extent by any other 
recorded calculator. All of them began multiplication at the 
left, and in general had the same methods of calculation. Two 
of them, Bidder and Safford, we have already found to be 
auditory, and in Colburn’s case the reference to the motion of 
his lips is strongly in favor of the auditory theory. Moreover, 
we find in him the same nervous contortions which are recorded 
in the case of Safford, and, to a less extent, of Inaudi,® both 
auditory (-motor) calculators. 

In Colburn’s case, as in Bidder’s, there is one piece of appar- 
ent evidence of visual type. We read in Gall’s account® that 
Colburn ‘‘was asked how he made his calculations. He an- 


1 Op. cit., p. 57. 3 Op. cit., V, p. 85. 

2 Spectator, LI, 1878, p. 1634. *Vol. XL, 1812, p. 122. 

5 Binet says of Inaudi (of. cit., p. 37), ‘‘Pendant les calculs, il fait 
différents gestes, tics sans importance et du reste trés variables.’’ 

® Op. cit., V.\p. 87, quoting from Med. and Phil. Jl. and Rev., 1811; 
Scripture, quoting the remark, gives the reference as p. 22 of that 
journal. 
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swered, that he saw them clearly before him.’’ But, as we have 
already seen, the use of the words ‘‘see’’ and ‘‘clearly’’ is not 
a satisfactory proof of visual type, especially when strong and 
definite evidence points the other way. If Colburn had de- 
pended on Proctor’s dot-patterns, that fact ought to be evident 
from his account of his methods in the Wemoir, whereas we 
find there no reference to visual images. That Colburn saw 
written figures is hardly probable, since it was only in London, 
when almost at the height of his calculating power, that he 
learned to read and write. Furthermore, when the 1811 article 
was written on which Gall’s account is based, Colburn was 
ouly 6 years old, and hence would naturally use concrete lan- 
guage (visual metaphors) rather than abstract language,’ 
whatever his memory type. In the light of all the available 
evidence, therefore, it seems safe to call Colburn an auditory 
calculator, though it is of course just possible that at first he 
had visual associations also, which later may have disappeared 
more or less completely from his calculations. 

Let us next consider the case of Buxton. His ability to re- 
peat numbers either forwards or backwards establishes a slight 
presumption, as we have seen, in favor of visual type. On 
the other hand, there is no lack of presumptive auditory indi- 
cations and points of resemblance to auditory calculators. 
Buxton not only learned to count before learning to read and 
write; he never learned to read and write at all. He not only, 
like Inaudi, retained the names of the different periods (thou- 
sands, millions, etc.) in thinking of numbers, but invented 
peculiar names of his own for the earlier periods of very large 
numbers. Like Inaudi, again, he began calculating by ‘‘nam- 
ing the several figures distinctly one after another, in order to 
assure himself of the several dimensions [the problem was in 
mensuration,] and fix them in his mind.’’? Like Bidder, 
Colburn, Inaudi and Safford, he began at the left in multipli- 
cation; whereas the two unmistakably visual calculators, 
Diamandi and the younger Bidder, are known to have used 
cross-multiplication. He retained a marked fondness for that 
counting in the simple series of natural numbers with which 
the auditory calculator always begins; at the theatre, for in- 
stance, he counted the exits and entrances of the different 
characters, the words spoken by each, the number of steps 


1Assume for the moment that a child of 6 is an absolutely non-visual 
calculator, and is asked to describe his methods; what language has 
he at command du/ the visual metaphor of “‘seeing clearly”? He does 
not yet distinguish words from thoughts, hence cannot say, as a grown 
man might, that he ‘“‘hears’’ his calculations, or ‘‘speaks’’ them men- 
tally. The psychology of a young child, like popular psychology in 
general, inevitably tends to explain everything in visual terms. 
2Gent. Mag., 1751, p. 61. 
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taken in the dance, and the like. His mental record of all the 
free beer he had had from the age of 12 must have been at least 
partly in verbal (auditory) terms. His skill in estimating 
areas by pacing them does not indicate any visualizing ability, 
but rather a step of uniform and known length and an ability 
to count and calculate. Like Inaudi and a few other calcula- 
tors, none of them known to be visual, he could carry on a 
conversation while computing. And when a new style of 
problem (cube root) was proposed to him, he was heard to 
mutter to himself, after puzzling over it for some time, that he 
would master it yet.? 

The vast extent of some of Buxton’s calculations, to be sure, 
suggests Dase, the only other calculator known to have gone 
beyond 15-figure multiplications ; but, even granting that Dase 
was a visual calculator, the value of this analogy is destroyed 
by the fact that whereas Buxton required two months and a 
half for a 39-figure multiplication, Dase performed a 40-figure 
multiplication in 40 minutes. And of course if Buxton had 
possessed anything like Dase’s power of instantaneous visual 
counting, such trivial occupations as counting words and steps 
could scarcely have retained any interest for him. On the 
whole, then,—since the ability to repeat numbers backwards is 
the only indication of possible visual type, and since we can 
easily explain that ability, in a man whose mental processes 
were all so slow, by supposing that he became interested in re- 
versing numbers and practiced the feat with his usual perse 
verance,—it seems fairly safe to call Buxton an auditory rather 
than a visual calculator. 

The remaining calculators may be dismissed somewhat more 
briefly, since in the absence of more definite information than 
we have it is only possible to indicate probabilities as estab- 
lished by comparison with better known prodigies. Fudler so 
closely resembles Buxton that if we call the one auditory, we 
may assume that the other was likewise. /ondeux has various 
points of resemblance with Inaudi on the one hand, and with 
Bidder on the other, both of whom we have found to be audi- 
tory, hence Mondeux also may be placed in thisclass. Ampere, 
like Mondeux and Bidder, used pebbles in his early calcula- 
tions, an indication which we have found to be no disproof of 
auditory type; like them, again, he learned to count at an 
early age,—earlier, in fact, than either of them,—before learn- 
ing to read and write. A presumption therefore exists that 
he, too, was auditory. Gauss began earliest of all, before he 
was quite 3, if we accept his own account, as it seems safe to 


1 Gent. Mag., 1753, p. 557- The exact wording of the passage is, 
“after some time, he said to himself ‘here were nooks in it [the 
problem], but he would sift them about.” 
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do in the case of a man of his scientific eminence, who had so 
little need to exaggerate his own ability; moreover, the fact 
that at the gymnasium he mastered the classical languages 
‘‘with incredible rapidity’’ suggests auditory rather than visual 
characteristics. Concerning the minor prodigies it would 
hardly be safe to speculate; we have seen, however, that many 
of them learned counting before reading and writing, and this 
establishes in these cases a slight presumption of auditory type. 

These conclusions, it will be seen, involve a radical departure 
from the current views. Scripture names three calculators— 
Buxton, Colburn, and Bidder—as using visual images; and 
while he admits the absence of specific information in the case 
of other calculators, he thinks it safe to assume that visual 
images played a considerable part in all cases. We have seen, 
however, that the evidence in each of the three cases named is 
either based on a misconception, or counterbalanced by stronger 
evidence of auditory type. On the other hand, two of the 
prodigies in Scripture’s list, Dase and the younger Bidder (who 
obviously should have been named, since he and not his father 
was responsible for the remark quoted by Scripture), show 
some evidence of visual type, and of the three others—Inaudi, 
Diamandi, and Zaneboni—since described, Diamandi is unmis- 
takably visual, while Zaneboni is rather doubtful. Apart from 
these four men, we find in almost every case not only no evi- 
dence supporting the visual theory, but at least some evidence, 
of more or less weight, favoring the auditory theory. In other 
words, if the conclusions here reached are sound, mental calcu- 
lation is primarily an auditory operation, a matter of verbal 
associations, and in the majority of cases no appreciable aid is 
rendered by visual associations. In fact, while it would per- 
haps be going too far to say that the ‘‘natural’’ calculator is 
always the auditory calculator, and that the visual calculator, 
just in so far as he zs visual, is an ‘‘artificial’’ calculator, such 
a statement would be very much nearer the truth than the cur- 
rent view that mental calculation is primarily a visual operation.* 

In case this view seems unduly radical, however, it must be 
remembered, in the first place, that we are dealing only with 
mental calculation as such, leaving quite open the question of 
general memory type; and in the second place, that we have 


1Diamandi, we have seen, learned mental calculation only after 
leaving school, and used cross-multiplication, which is not a ‘‘natu- 
ral’? method. The younger Bidder used cross-multiplication and a 
mnemonic system, and may have had no ‘‘natural’’ gift for mental 
calculation at all, but simply have taught himself by deliberate prac- 
tice, in imitation of his father, or by his father’s suggestion or guid- 
ance. The cases of Dase and Zaneboni, cannot profitably be discussed 
from this poimt of view in the absence of fuller information than we 
possess. 
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adopted a very narrow definition of the two types. By calling 
a calculator auditory we do not imply that visual images are 
by any means wholly absent from his mind during calculation, 
but only that they are not uniformly present, and that their 
absence is not an embarrassment, or their presence a material 
aid, to the calculator. Probably in most cases what we have 
called chance visual associations will enter in toa greater or less 
extent, especially where the numbers are presented to the cal- 
culator in written or printed form. And it may conceivably 
happen that a man who is, in general, predominantly visual 
may be auditory, in this sense, asa calculator. Yet after all 
qualifications have been made, the fact remains that mental cal- 
culation, as we have seen again and again, naturally takes its rise 
from counting, which is essentially a verbal process. However 
widely the extent and relative weight of visual and auditory ele- 
ments may vary, it can hardly conceivably happen,—certainly 
does not happen in any known case,—that the verbal elements 
play no part whatever in the calculating process; whereas the 
function of the visual elements may well be reduced practically 
to the vanishing point. And the sooner we get rid of the old 
idea that mental calculation is in essence the same as written 
calculation, but with a mental instead of a written tablet, on 
which the faculties of memory and imagination inscribe the 
figures of the written calculation in perfect order and complete 
detail, the sooner we shall begin to understand the psychology 
of mental calculation. 

Summary. The results of our study of the mathematical 
prodigies may be summarized as follows : 

(1) In Part I is presented a fairly complete list of the more 
important prodigies on record, with those data in each case 
which shed most light on the nature and development of the 
calculating power. An effort is also made to correct several 
errors which have crept into the literature, and to bring outa 
few points whose significance has been overlooked; so that the 
present account, it is hoped, will be found reasonably complete 
and reliable. In particular, the case of Zerah Colburn has been 
entered into in some detail; this man has certainly received less 
than his due from both Scripture and Binet. - 

(2) In Part IL is described a new case, that of the present 
writer. The calculating power is in this case very slight, and 
in itself unimportant. It has been described at some length, 
however, to bring out the naturalness of the ‘‘precocity’’ in- 
volved, the gradualness of the development of the calculating 
power, the important part played by counting,—first in the 
series of natural numbers, and later in the series of multiples 
and powers of various numbers,—the general character of the 
numerical properties brought to light in this way,—properties 
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which awaken the interest of the calculator, furnish the motive 
for continued practice, and shorten the labor of calculation, 
rendering the whole process self-sufficient and independent of 
outside aid,—and, to some extent, the nature of the psycho- 
logical and mathematical processes and short-cnts used in this 
particular case. The part played by ‘‘2-figure endings’’ has 
been entered into in some detail, as shedding light on a class 
of problems—evolution and factoring—which have often puz- 
zled students of the subject, owing to the surprising rapidity 
with which some of the prodigies have solved them. In none of 
these respects is the material here presented wholly new. Most 
of it, perhaps, could be deduced from a careful study of Bid- 
der’s case. At the same time, it remains true that the signifi- 
cance of these facts has zof been fully brought out by previous 
investigators; hence it has seemed worth while to dwell on 
them here at greater length than would otherwise be necessary. 

(3) ‘The data thus collected have been studied in Part III, 
and conclusions drawn under several heads. Attention has in 
the main been confined to the ‘‘natural’’ calculators who de- 
velop spontaneously, at least in the first instance, without ex- 
ternal aid from books and teachers; as distinguished from the 
‘‘artificial’’ calculators who use external aids from the start. 
Huber’s blind Swiss is perhaps the only ‘“‘artificial’’ calculator 
here considered; but the distinction must not be too sharply 
drawn, since several of the others have made use of ‘“‘artificial’’ 
methods, such as mnemonic systems. A calculator may begin 
in the ‘‘natural’’ way, but later make use of ‘‘artificial’’ meth- 
ods besides, in order to extend his calculations further, as 
Gauss did in his use of logarithms; if the younger Bidder had 
any “natural’’ gift to start with,—a question we must here 
leave open,—he belongs to the same class with Gauss in this 
respect. In general, it is obvious that skill in calculation at- 
tained by using these ‘‘artificial’’ methods, either from the start 
or at a later stage, constitutes no special problem for the psy- 
chology of mathematical precocity, belonging rather to the 
psychology of deliberately practiced operations in general, and 
hence need not be discussed in such a study as the present. 

Into the question of heredity in mental calculation we have not 
attempted to enter, not only because of the scarcity and uncer- 
tainty of the data, but because such general terms as heredity 
and environment do not carry us far in the study of any special 
function like mental calculation. 

Precocity in calculation, we have found, is natural and nor- 
mal; not only is the popular amazement over it groundless, 
but there is no need even to regard it as ‘‘remarkable.’’ 
Owing to the origin of mental calculation in ordinary counting, 
and the complete independence and self-sufficiency of mental 
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arithmetic, mere mathematical precocity falls in a different class 
from musical precocity, and still more from the all-round pre- 
cocity shown by such men as Ampére and Macaulay. If for any 
reason the mathematical prodigy loses his interest in calcula- 
tion, or the opportunity to practice it, his power is likely to 
diminish or eventually to disappear; in this respect mental cal- 
culation is like piano-playing, or any other highly specialized 
activity dependent on long practice. 

Skill in mental calculation is, owing to the isolation of men- 
tal arithmetic already noted, independent of general education; 
the mathematical prodigy may be illiterate or even densely 
stupid, or he may be an all-round prodigy and veritable genius. 
Furthermore, mental calculation is entirely independent for 
mathematical ability and education; the calculator may never 
rise above the counting stage, or may acquire merely arith- 
metical skill, or may develop a keen insight into algebraic re- 
lations, or even, like Safford and Gauss, a marked aptitude for 
higher mathematics. Hence it is not helpful to classify the 
mathematical prodigies either by general education or by sub- 
sequent mathematical development. Indirectly, however, igno- 
rance favors a high development of the calculating power, by 
preventing other and more important interests from taking its 
place. Where the power zs retained in spite of the widening 
of interests, its practical value may become considerable, espe- 
cially to the mathematician, the lawyer, or the engineer. 

Although mental arithmetic naturally develops out of count- 
ing, the fundamental operation is multiplication. This opera- 
tion may remain permanently in the counting stage, 7. ¢., may 
proceed without the use of a memorized multiplication table ; 
usually, however, a multiplication table up to 10 x ro is used. 
Many of the prodigies begin at the left in both multiplication 
and addition. Proctor describes in his own case a method by 
the aid of visual dot-patterns, but no other calculator is known 
to have followed this method. Two of the visual calculators, 
Diamandi and the vounger Bidder, used cross-multiplication. 
The theory has been proposed that a large multiplication table, 
perhaps to 100 x 100, is used by some of the prodigies; but there 
is no evidence that any of them actually did use such a table, 
and even Dase’s feats are explicable without presupposing it. 
Problems in square and cube root (especially of exact squares 
and cubes) and factoring are favorites with some of the calcu- 
lators ; in those cases where the answer is given ‘‘instantly,’’ 
the simple properties of 2-figure endings are used. 

Various mathematical and psychological short-cuts explain 
the speed attained by some of the prodigies in their menta 
operations. Problems done ‘‘instantly’’ are either very sim- 
ple, or else are solved by guess and trial, with the aid of little 
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tricks and properties readily discovered by the calculator. Many 
algebraic problems are thus solved, and the same is true of 
square and cube roots of perfect squares and cubes, as we have 
just seen. 

The distinction which is so often made between memory and 
calculation, with the implication that the great calculator is 
simply a little ealculator with a big memory, using the same 
methods as his lesser rivals, is misleading; the process is 
always (in the ‘‘natural’’ calculators) a true calculation, and 
memory for figures is important only in so far as it stands in 
the service of calculation. 

Finally, many of the calculators heretofore supposed to be 
of visual memory type turn out, on closer examination, to 
belong to the auditory (or auditory-motor) type, at least in 
calculation; and, in general, since counting is essentially a 
verbal process, the calculator who begins from counting, before 
he learns to read and write, will usually belong to the auditory 
type, and will make relatively little use of visual images in his 
; actual calculations. At least two of the ‘‘ major’’ prodigies, 
however, and possibly four, belong to the visual type. 


APPENDIX I. 


NOTE ON ZERAH COLBURN. 
Scripture, at the beginning of his treatment of Colburn (of. 
cit., p. 11), says: ‘*‘ Autobiographies do not always furnish the 
most trustworthy evidence in regard to the man himself; 
be! when, moreover, the author is convinced that he is nothing 
less than a modern miracle; and, finally, when having had no 
scientific and little literary education, he at a later date writes 
the memoirs of his youth, we are obliged to supply the lacking 
critical treatment of the narrative.’’ A little earlier (p. 8) he 
tells us that Gauss, ‘‘if he had had the misfortune to have 
been gifted with nothing else [than his calculating powers], 
. might even have proclaimed himself in the Colburn 
fashion, as a miraculous exception from the rest of mankind.’’ 
Again (p. 16), ‘‘It is to be remarked that Colburn’s calcula- 
ting powers, such as they were, seemed [szc] to have absorbed 
all his mental energy; he was unable to learn much of any- 
thing, and incapable of the exercise of even ordinary intelli- 
gence or of any practical application. The only quality for 
which he was especially distinguished was self-appreciation. 
He speaks, for example, of Bidder as ‘the person who’ ap- 
proached the nearest to an equality with himself* in mental 


1 The words ‘‘in the writer’s judgment”’ are here omitted by Scripture 
without the customary sign of omission. (Memoir p. 175. J 
Colburn’s word here is ‘‘him,”’ not ‘‘himself.” (Loe cit.) 


4 
| 
a 
7 
i 
| 
| 
a 


MATHEMATICAL PRODIGIES. 133 


arithmetic.’ Again, ‘he thinks it’ no vanity to consider him- 
self first in the list in the order of time, and probably first in 
the’ extent of intellectual power.’’’ 

In similar strain Binet says (op. cit.,p. 9), ‘‘L, histoire de 
Zerah Colburn serait extrémement intéressante si elle reposait 
sur des documents dignes de confiance; il n’en est malheur- 
eusement pas ainsi. Le principal document qui reste de lui 
est son autobiographie, et comme il s’est exhibé dans des 
représentations publiques, et qu’ il parle de lui-méme avec une 
vanité insupportable, on peut supposer 4 bon droit que cette 
biographie est une réclame.’’ And again (pp. 10-11), ‘‘Col- 
burn a passé pour un individu d’ une intelligence médiocre, et 
crevant d’ orgueil; sa biographie en donne mille preuves 
naives, et il affirme a plusieurs reprises qu’on doit le con- 
sidérer comme la plus grande intelligence de la terre.’’* Other 
passages of a similar sort might be quoted from both Scripture 
and Binet, but those above given are sufficiently typical. 

These statements, it will be seen, are plain and unqualified. 
If they are true, Colburn was a man of little or no education, 
incapable of ordinary intelligence, utterly unqualified to write 
a historical document; and his Memoir is historically unrelia- 
ble, an exhibition of intolerable vanity, proclaiming him as a 
modern miracle, the greatest intellect that ever lived, etc., in 
the most naive fashion. In a word, these writers portray Col- 
burn as a sort of Buxton proclaiming himself as a Bidder or a 
Gauss. Let us now examine the facts, and see how far they 
bear out this interpretation. 

An account of Colburn’s education has been given in Part I 
of the present paper; from that account it will be seen that 
Scripture’s statements are, to say the least, somewhat sweeping. 
We are interested in the matter, however, only in so far as it 
concerns Colburn’s qualifications for writing a reliable account 
of his own life; and of those qualifications the Memozr is itself 
the best test. After a careful reading, the present writer finds it 
internally consistent, and to all appearance painstaking and 
trustworthy, with no aim other than to set the facts in their 


1The original reads, ‘‘it is no vanity’’, etc. (p. 176). 

2The word ‘‘the”’ here is not in the original (p. 176). Thus Script- 
ure here gives us four misquotations in three lines,—an eloquent 
commentary on his method of supplying ‘‘the lacking critical treat- 
ment of the narrative’?! His ‘‘critical treatment’’ of the Bidder 
family has already been discussed. 

‘Binet admits (p. 1) that his historical account is superficial and 
second-hand, and (p. 2, note) that he has borrowed et from 
Scripture; we shall therefore not, asa rule, take account of his mis- 
statements, though they are not few. Scripture’s account, however, 
fa yom to be based on the original sources, and so may properly be 

eld accountable for its use of those sources. 
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true light; and externally he has found only one or two slight 
discrepancies between it and other available documents, none 
of them at all comparable to some of the inaccuracies we have 
found in the article on Arithmetical Prodigies. We may there- 
fore dismiss this general charge, until it is backed up by specific 
instances of Colburn’s alleged incompetence, and turn our at- 
tention to the charge of naive vanity and self-advertisement 
brought against Colburn by his critics. This is the real ground 
on which they have sought to discredit the Wemoir. 

There are three classes of passages in the Memoir on which 
a charge of undue self-appreciation may be based. (1) Those 
in which Colburn speaks of his calculating power as a gift of 
God, and the like. (2) His section (p. 173 ff.) on ‘‘Other 
Calculators,’’ in which he attempts to estimate his own place 
among the calculators he had met or heard of. (3) A few scat- 
tered passages in which his language is, if not vain, at least 
in appearance a little unguarded. Let us consider the passages 
in this order. 

(1) Passages of the first class may be very briefly dismissed. 
Colburn was brought up with eighteenth century ideas of a 
personal Creator, and at the time of writing the Memoir was a 
Methodist minister. For him, therefore, it is the plainest and 
most matter-of-fact statement possible to say that his power is 
a ‘‘gift of God,’’ and unless the context shows undue pride in 
that gift, no charge of vanity receives the slightest support 
from such statements. Now actually Colburn uses these reli- 
gious expressions only in this matter-of-fact way; he nowhere 
boasts of his gift, but, on the contrary, is frankly puzzled as to 
the Divine purpose in bestowing it, since it remained a mere 
‘freak of nature,’’ so to speak, and contributed neither to his 
material nor to his spiritual success. (Cf. Memoir, pp. 165-6.) 

(2) We may now examine those parts of Colburn’s section 
on ‘“‘Other Calculators’’ (pp. 173-8) which bear on his own 
estimate of himself. The section begins with an account of 
his early nervousness, and concludes with some generalizing 
reflections, so that we may, without unduly crowding our 
space, quote practically in full the relevant parts of the section 
(pp. 173-6). 

‘*The inquiry has frequently been made whether the writer 
ever became acquainted with any other persons who were en- 
dowed with a gift of mental calculation similar to himself. He 
thinks not, as to extent of solution.’’ Here follows an account 
of what he had heard concerning Buxton, but with no attempt 
to compare himself directly with Buxton. 

‘‘The Countess of Mansfield called upon Zerah Colburn, 
while he was first exhibited in London, and alluding to the 
singular gift he possessed, stated that she had a daughter, Lady 
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Frederica Murray, who was about his age, and gave indications 
of superior skill in figures. He was afterwards invited to call 
at her ladyship’s residence, and found the young lady did 
possess a certain degree of mental quickness uncommon in her 
sex and years. But her elevated rank, and the necessary at- 
tention to those pursuits which were more in accordance with 
her station in life, probably prevented her attending to that 
endowment. She was afterwards married to Colonel Stanhope, 
and dying young, her widowed husband, after the lapse of a 
few years terminated his existence by suicide. 

‘*The person who in the writer’s judgment approached the 
nearest to an equality with him in mental arithmetic, was a 
youth from Devonshire county, in England, named George 
Bidder. This person did not begin to excite attention until 
after Zerah had retired from public exhibition in London, 
sometime in the year 1815. Bidder was at that time ten years 
old... Having never had any acquaintance with him, the 
author cannot speak correctly of the manner in which his talent 
was first communicated and exhibited. 

‘*The only thing he ever heard on this point was, that his 
father being engaged in some difficult sum, George answered 
it at once; that in view of his unexpected readiness, he was 
put to school, and considerable pains were taken to train him 
for exhibition. This however may be as incorrect as some of 
the stories in circulation relative to the subject of this memoir. 
It is certain, however, that in London he [Bidder] never re- 
ceived that general patronage which his predecessor enjoyed.’ 

‘‘Some time in 1818, Zerah was invited to a certain place, 
where he found a number of persons questioning the Devon- 
shire boy. He [Bidder] displayed great strength and power 
of mind in the higher branches of arithmetic; he could answer 
some questions that the American would not like to undertake; 
but he was unable to extract the roots, and find the factors of 
numbers. The last time that the writer was in Edinburgh, he 


1Bidder was not ten years old until 1816, so that Colburn, writing 
from memory some fifteen years or more after the event, has made a 
mistake of a year in one of these figures. 

2If this sentence exhibits vanity at all, the vanity is hardly of the 
naive sort of which Colburn’s critics have accused him. More pro- 
bably, however, he states the simple fact. The Colburns had by this 
time worked the London field over pretty thoroughly, and the public 
must have had a genteel sufficiency of calculating prodigies. Even if 
we assume that Bidder’s father was as assiduous as Colburn’s in efforts 
to raise money from the nobility, which is doubtful, the generosity of 
the noble lords may well have faltered a trifle after Colburn had both 
worn off the novelty of the thing and collected all the subscriptions 
they were willing to give. At any rate, this passage is hardly as un- 
equivocal a proof of vanity as we need to substantiate the sweeping 
charges of Scripture and Binet. 
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was informed that the lad was in study, under the patronage 
of a Scotch nobleman. 

‘‘At different periods, Zerah Colburn has heard of a number 
of persons, whose uncommon aptness in figures rendered them 
subjects of astonishment to others. He thinks it is no vanity 
to consider himself first in the list in the order of time, and 
probably first in extent of intellectual power.’ It would be 
very easy to indulge in speculations in regard to the increasing 
number of persons thus endowed; but speculation avails little 
in so exact a science as mathematics, and would profit nothing 
on the present occasion. It is his opinion that should a similar 
case occur again,’’ sufficiently promising, his education should 
be made a matter of public interest, etc. ‘‘It then would be 
seen more clearly than in any other way what was the object 
of the gift, and if a valuable help is therein concealed, it would 
be made public, and thousands might share in its advantages.’”’ 
The remaining paragraphs of the section on ‘‘Other Calcula- 
tors”’ consist of general reflections which do not here concern 
us. 

Colburn thinks, then, that he has never met any one with a 
gift of mental calculation similar to himself, as to extent of 
solution; that Bidder, in his (Colburn’s) judgment, came the 
nearest to being such a person, and was superior in several re- 
spects, but was unable to extract the roots and find the factors 
of numbers; and that among the calculators who have been 
subjects of public astonishment (7.e., among professional calcu- 
lators, hence not including Buxton), it is no vanity to consider 
himself first in the order of time, and probably first in extent 
of intellectual power (extent of solution). Such is Colburn’s 
estimate of himself as a calculator. 

Undoubtedly Colburn was mistaken; Bidder far excelled 
him, even at the time of their meeting in 1818. But we can- 
not leave the matter thus; in order to decide whether Colburn 
was led to this conclusion by vanity, we must examine the 
grounds he gives for it. Bidder, he tells us, displayed great 
strength and power of mind in the higher branches of arith- 


1 This is the only passage the present writer has found that even re- 
motely supports Binet’s assertion that Colburn ‘“‘affirme a plusieurs 
reprises qu’on doit le considérer comme la plus grande intelligence de 
la terre.”? It need hardly be pointed out that by “‘intellectual power’’ 
in the present context Colburn means simply ‘‘power of calculation.’’ 
Note the similar references to the ‘‘mental quickness”’ of the daughter 
. 7 Mansfield above, and to Bidder’s ‘‘strength and power of 
mind.’’ 

* From these extracts the reader may judge for himself both of Col- 
burn’s style and of his historical ability or inability. In these re- 
spects, as well as for the purpose of illustrating Colburn’s attitude 
toward his own gifts, they seem to the writer to be quite typical of 
the whole book. 
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metic, and answered some questions he (Colburn) would not 
like to undertake; but Bidder ‘‘ was unable to extract the 
roots, and find the factors of numbers.’’ Now Colburn was 
not much of a mathematician, but one thing he did know, 
from the mathematicians who had examined him: up to his 
own time, no one had discovered any general method of finding 
the factors of numbers. Colburn himself had a new and origi- 
nal method of performing this operation very rapidly for num- 
bers up to 6 or 7 figures, and of finding almost instantly the 
roots, of exact squares and cubes. He could not be expected 
to understand that this method (by 2-figure endings) was really 
trivial; he did know that he could solve these problems, by an 
original method, and that eminent mathematicians were more 
amazed at this feat than at any other in his repertoire. Shall 
we blame him, then, for considering himself superior as a cal- 
culator to any one who simply excelled him in straight arith- 
metical operations, and that, too, at a time when he had given 
up public exhibitions and lost not a little of his former skill ? 
Colburn could appreciate his own feats, but could not ade- 
quately appreciate Bidder’s compound interest method, for 
example; he gives Bidder full credit, however, for ‘‘ great 
strength and power of mind in the higher branches of arithme- 
tic,’ and for defeating him in the competitive test in other 
directions. 

Viewed in this light, the passage implies simply that Colburn 
was honestly mistaken in spite of a sincere effort to face the 
facts impartially. The charge of vanity receives no support 
from this part of his book, the one part above all others where 
vanity ought to show itself. The laudatory account of Bidder 
in the London paper, on the other hand, can be explained 
either by a better realization of the difficulty of Bidder’s feats, 
particularly that of solving compound interest problems, by 
faulty memory on the part of the reporter or his informant, 
or even by simple patriotic partiality to the English boy. 
The War of 1812 was still fresh in the public mind, and 
love for persons and things American was not strong. Since 
it is not until 1819, the year after the meeting between Bidder 
and Colburn, that we find any record of Bidder’s solving prob- 
lems in square or cube root, there is no reason to dispute Col- 
burn’s statement that in 1818 Bidder had not discovered the 
methods he afterwards applied to it. So far, then, Colburn is 
completely vindicated; the charge of vanity rests on misinter- 
pretation and on a failure to take account of all the circum- 
stances in the case. 

(3) The third class of passages need not long detain us. 
Two of them we have already examined; those, namely, in 
which Colburn says that Bidder ‘‘never received that general 
patronage which his predecessor enjoyed,’’ and speaks of him- 
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self as ‘‘first in extent of intellectual power.’’ After what has 
been said, a fair-minded critic will hardly attach serious weight 
to either of these passages. The only other one which seems 
to offer any chance for misunderstanding, even to a superficial 
reader, occurs on p. 63. Colburn is describing the plans for 
the projected book for which a committee of his admirers had 
been attempting, not very successfully, to collect subscriptions. 
The book was to be ‘‘a quarto volume, with a portrait ; printed 
on the best paper, in a style of superior elegance. How many 
pages they [the committee] calculated upon is not known, but 
it must have required a mighty mind to extract matter suffi- 
cient to be worth eight dollars, from the history of three years 
of a child’s life, even if that child were Zerah Colburn.’’ Here 
we have a passage which may at first appear egotistic; yet the 
context is surely not inordinately vain. If instead of the 
words ‘‘Zerah Colburn’’ we read, ‘‘probably the greatest calcu- 
lator on record,’’ we have said the worst, and simply shown 
another passage in which Colburn’s honestly mistaken opinion 
of himself comes to light. It is safe to say that but for a mis- 
interpretation of passages of the first two classes, no one would 
attach any special importance to those of the third class as 
proofs of vanity. 

Furthermore, Colburn is in several passages perfectly frank 
in stating his own defects. In fact, one of his critics, as ex- 
treme in one direction as Scripture and Binet are in another, 
speaks of the Memoir as ‘‘an inane production, which would 
be tedious in the extreme except for its absurd naivefé and the 
frankness with which the author admits his mediocrity.’’ 
(Spectator, 1878, p. 1208.) The following passage from the 
Memoir (p. 104) will illustrate the basis on which this critic 
rested his estimate of the book: 

‘‘At the period of his entrance at Westminster school, he 
[Colburn] was a few days over twelve years old—quite old for 
the class in which he was placed, but for that reason better 
able, as well as by his eight months’ attendance at the Ly- 
ceum in Paris, to get speedily removed into a higher class. 
During the two years and nine months that he was connected 
with this institution, he accomplished the labor for which the 
boys generally spent four or five years. He learned with facil- 
ity, and the continual practice preserved what he acquired 
fresh in his memory. It is, however, a truth which may as 
well be stated here as anywhere else, that the mind of Zerah 
was never apparently endowed with such a talent for close 
thinking on intricate subjects as many possess. He was not 
peculiarly fortunate in arriving at a result which did not 
readily present itself, or for which the process leading thereto 
was not soon discovered. It is for this reason that he has 
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been unable to discover a prospect of his extensive usefulness 
in mathematical studies, or of justifying the high expectations 
which many had reasonably formed on account of his early 
endowment, and hence he feels more reconciled than he other- 
wise might in abandoning the wisdom and literature of this 
world for the duties of his present important calling [the min- 
istry]. While in school he generally sustained himself among 
the four at the head of the class; but was not remarkable 
either for quickness of mind or closeness of application.’’ 

Again, in trying to account for his gift, he says (pp. 165-6), 
“If the notoriety of his youth was designed [by his Maker] as 
an introduction to him in his ministerial capacity, it would be 
a natural expectation that his talents as a Preacher would be 
equal, if not superior, to the striking displays of his early pre- 
cocity. This howev[er] is far from being the case.’’ 

One other possible criticism remains to be met: it may be 
said that Colburn’s vanity is proved by the very fact of his 
writing an autobiography. But the plan of writing a memoir, 
as we have seen, did not originate with him; and it is only 
when (p. 165) ‘‘at length his situation has become such that 
an effort was necessary to obtain some pecuniary means for 
supporting a wife and three little girls, over and above the 
contributions of the people among whom he has been laboring 
during the past year,’’ that ‘‘for want of any more promising 
employment, this has been undertaken.’’ 

The statement seems to be warranted by the passages quoted 
from the Memoir, and the facts presented as bearing on them, 
that Colburn was, on the whole, free from vanity, and erred 
only in accepting the uncritical popular estimate of himself. 
Even here his error was far less than we might have expected; 
in fact, the wonder i3 that a child who was so constantly before 
the public in his early years, so praised and marvelled at by 
famous mathematicians as well as by popular audiences, did 
not develop into just the sort of vain fool that Scripture and 
Binet have accused him of being. But if he ever had any illu- 
sions in this matter, the hard knocks of his later life effectively 
removed them. In the Memoir he stands before us as the 
painstaking and conscientious historian of ‘‘a very remarkable 
fact in the annals of the human mind’’; and while he is not 
alway skillful, and at times becomes, it must be confessed, too 
much of a preacher to be an ideal historian, his book must be 
taken seriously, as an important contribution to the literature 
on mathematical prodigies. 
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APPENDIX II. 
GENERAL TABLE. 


The following table gives a bird’s-eye view of the more im- 
portant mathematical prodigies, for convenience in comparing 
the different men. In the column headed ‘‘heredity’’ are 
found such possibly relevant facts as are known about each 
man’s parents and relatives. In the next column is a brief 
account of the circumstances attending the ‘‘ development ’’ of 
the calculating power; precocity here refers only to calculation, 
unless ‘‘ all-round precocity ’’ is specified. Under ‘‘ education ’’ 
are described both the general and the mathematical training 
of the calculator. The next column deals with the scope and 
methods of his mental calculations ; the next, with his figure- 
memory (extent, etc.), and his probable memory type; a few 
facts about his memory in general are added in one or two 
cases, but usually this has not been considered necessary. In 
the last column are noted other peculiarities of the calculator, 
whether connected with his calculations or not. 

It has not seemed worth while to extend the table to other 
prodigies, owing to the meagreness of the available data, and 
the sacrifice of compactness that would be involved. It is 
hoped, however, that the table here given will be found help- 
ful. Every effort has been made to render it accurate, and as 
complete as was consistent with the desired degree of condensa- 
tion. 
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PSYCHOLOGICAL LITERATURE. 


The Psychology of Reading. An Experimental Study of the Reading 
Pauses and Movements of the Eye. WALTER FENNO DEARBORN, 
Ph. D. Archives of Philosophy, Psychology, and Scientific Meth- 
ods, No. 4, March, 1906. The Science Press, New York, 1906. 
pp. 132. 

Dr. Dearborn’s study marks a material advance upon the work done 
thus far upon the movements and pauses of the eye in reading. His 
primary object was ‘‘ to determine with exactness the form and charac- 
ter of the movement of the eye in reading, and to define or plot the 
positions on the page which correspond to the so-called fixation or 
reading pauses of the eye.”’ 

A modification of the Dodge falling plate camera was used, giving 
‘‘continuous photographs of the horizontal movements of the corneal 
reflection made upon a slowly falling photographic plate of great 
sensitiveness.’’ The time of the movement is marked on the plate by 
the alternate admission and exclusion of light by a spring pendulum 
oscillating before the plate. 

The place of the fixation pauses was determined, for the most part, 
by projecting the original photographic record upon a stereopticon 
screen, magnifying and adjusting this record to coincide with a draw- 
ing on the screen representing the length of the lines of print. A 
drawing of the record could then be made which could be placed 
‘‘over the lines of the proper pages.’’ The marking of the fixation 
pauses ‘‘is accurate to the limits of a single small letter of a news- 
paper page,’’ save for certain important sources of error noted by the 
author as due to movements of the head and to the semi-nystagmatic 
movements of the eyes. Eight adults and three children were tested. 

The rate of movement was found to vary considerably, but on the 
whole the measurements agree with those made by Dodge, and the 
rate is too fast for perception during the movement. However, some 
readers made certain slow shifting movements, sometimes ten to 
twenty times slower than the usual movement, accompanying the 
movements of the attention. These shiftings are classed as fixations, 
since they furnish data for perception. 

It was found that the eye readily falls into a brief ‘‘motor habit”’ of 
making a certain fixed number or succession of pauses per line, for a 
given passage, and independently of the nature of the subject matter. 
Fast readers do this especially, and most readily in the shorter lines 
of uniform length. The first pause in each line is the longest one, 
the eye seeming to take a general summary at first, and there is a 
secondary long pause near the end of the line. At these pauses the 
attention is thought to expand and a more general perception is se- 
cured. 

The exact point fixated may be in any part of the words, or in the 
spacing between them. It apparently ‘‘ pays little attention to many 
of the laws of apperception or the rules of the rhetorician.’’ These 
exact points of fixation are ‘‘ significant only as representing the point 
about which are grouped the ‘block’ of letters that are simultaneously 
perceived as one word or phrase complex. It more often falls in the 
first third than at the centre of a given perception area.”’ 
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More pauses are made with relative pronouns, prepositions, con - 
junctions, auxiliary verbs, and numerals, than with substantives, ad- 
jectives, etc. The pauses are longer and more numerous in reading 
slowly. Readers when asked to read as fast as possible saved nearly 
one-third of the time usually taken, and the number of pauses was re- 
duced one-third. Eye fatigue was found to increase the number and 
duration of the fixation pauses. 

Very great differences were found in the rate of reading when the 
subjects were given matter of special interest to each, and there was 
the same ranking in rate, with smaller differences, for a// classes of 
reading matter. Rate differences between individuals and in thesame 
individual are thought to depend largely, when other conditions are 
coustant in ‘‘the ease with which a regular rhythmical movement can 
be established and sustained,’’ consisting of a regular number of 
pauses per line and a fairly uniform arrangement in the order of long 
and short pauses. Lines of moderate and practically uniform length 
fulfil these conditions best. 

Children were not found to havea different rate of eye movement 
from adults, but their fixation pauses are more frequent and generally 
longer, though quite short ones occur. Their “accuracy of fixation 
appears as exact as that of the adults.”’ 

Dr. Dearborn’s study gives evidence of care and thoroughness on 
the main points studied, and presents a number of minor observations 
and interpretations which will be of value to those who study the 
subject further. EDMUND B. HUEY. 


L’ Attention spontanée dans la vie ordinaire, et ses applications 
pratiques, by ROERICH. Revue philosophique, No. 8, Aofit, 1906. 
Trente et uniéme anuée. pp. 136-156. 

An element of volition characterizes all attention, yet spontaneous 
and voluntary attention are to be definitely distinguished. Sponta- 
neous attention is discussed under two aspects,—primitive and apper- 
ceptive. 

Primitive attention marks essentially the capacity of the child, or 
of the uncultivated man, yet it is a most important factor in the life 
of the scholar, or the artist. It is restricted to the interpretations of 
such particulars of the external world as are accessible to the senses, 
aud is absolutely necessary in putting the mind in possession of ele- 
mentary facts preparatory toclassification and generalization. Moliére, 
Rousseau and Zola excelled inthis power, while inVoltaire and Racine 
it was markedly Jacking. 

The laws of primitive attention are as follows: 

1. According as the individual is more or less attentive, the time 01 
reaction after perception is shortened or lengthened. 

2. However vivid the stimulus, primitive attention cannot fix an 
object for more than a few seconds at a time. 

3. In every change from one perception to another, time must be 
allowed for the exercise of judgment upon this change. 

The psycho-pedagogical rules based upon these laws are: 

1. To hold the attention, impressions must move progressively in 
intensity or vividness. (This progression soon reaches a maximum.) 

2. After each impression, a delay for recovery (neither too long, nor 
too short) must be allowed. 

3. To waken primitive attention, the presentation must be nicely 
determined. 

4. Impressions of a different nature, when they relate to the same 
object, may be allowed. 

5. Primitive attention is the most certainly aroused by contrast 
among successive or simultaneous impressions. 
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In apperceptive attention, the new impression is reinforced by men- 
tal contents similar to itself. It is not really indispensable that this 
reinforcing mass be logically co-ordinated, or scientifically classified; 
yet, to secure the best results, the apperception should be carefully 
prepared. Rabelais and Rousseau were masters in this kind of pre- 
paratory work. The failure of Pompey and Cicero may be traced to 
the want of this power to hold the attention of the public. Julius 
Ceesar was pre-eminently successfnl in this direction. To skill in 
preparing for apperceptive attention, is due the triumph of realism 
over idealism. 

The fundamental law of apperceptive attention is: 

In every apprehension which is not directed by the will, the accu- 
racy and rapidity of understanding increase in proportion to the extent, 
the variety, and the judicious co-ordination of the associations of the 
acquired ideas. Upon this are based the following rules: 

1. In apperceptive attention, it is not indispensable that the presen- 
tation be new, but it must seem to be new. Racine, Gliick, Goethe, 
Chateaubriand, had the power of presenting well-known legends in 
such a way that the ideas possessed all the attraction of original 
creations. 

2. To facilitate apperceptive attention, the content of the new must 
be similar to the old experience, but, by no means identical with it. 
(The tediousness of copying illustrates this point.) 

3. New notions must be connected with old experience by means of 
transitional notions which shade gradually from the old into the new 
content. (The Odyssey of Homer, the Dialogues of Plato, the trage- 
dies of Sophocles, illustrate admirably the significance of such transi- 
tions as a means to holding the attention. ) 

4. Between two culminating points of apperceptive attention a 
pause should be made. This pause cannot be regarded as a definite 
cessation, but implies rather a kind of slackening of activity, by 
means of which, a more perfect assimilation through talent or uncon- 
scious cerebration may be secured. Without this pause after a cul- 
minating point, the attention may not be secured for the second 
point. This is explained on the ground of the fatiguing nature of ap- 
perceptive attention. Apperception is always a source of emotion 
more or less, and while it constantly satisfies, it constantly gives rise 
to new expectation, which implies a constant outlay, and a consequent 
exhaustion of energy, the renewal of which demands at least an ap- 
proximate rest after a period of mental activity. 

MARGARET KEIVER SMITH. 


Mental and Moral Heredity in Royalty. A Statistical Study in His- 
tory and Psychology, by FREDERICK A. Woops. New York, 
Henry Holt & Co., 1906. pp. VI, 312. 

Dr. Woods’ book is an amplification of a series of articles published 
during the last few years in the ‘‘ Popular Science Monthly.’”’ The 
preface states that it was written in the hope of contributing some- 
thing to a knowledge of thescience of history, but it is, however, rather 
a contribution to the psychology or the comparative psychiatry of his- 
tory. The analyses of the various royal family trees are minute and 
painstaking, but it seems unfortunate that the author should let his 
biological enthusiasm hide the sound principles of modern psychiatry. 
Because the family trees of royal houses are so minutely recorded, 
they offer a oplendd opportunity for the study of the question of men- 
tal heredity, and yet it appears to us that the author has not made the 
best use of available historical facts. Because certain members of a 
family suffered from a vague disorder known as insanity, and certain 
descendants or collateral individuals of this family suffered from a 
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like disorder, is no proof of the hereditary basis of the mental disease, 
unless we are able to state the exact nature and cause of the malady. 
Terms like insanity, psychosis, or imbecility found affixed to the 
names of various royal personages throughout the book, are mere 
hints that the Nemesis of heredity is at work grinding slowly but 
surely. These terms fail to furnish the more exact information of 
what particular type of mental disease was transmitted. Periodic 
depressions and exaltations (manic-depressive insanity), the deteriora- 
tion associated with the adult onset of chorea (Huntington’s chorea), 
certain types of adolescent insanity (dementia precox), moral defi- 
ciencies, alcoholism, or epilepsy, are particularly prone torun in certain 
families and appear as like or closely allied disorders in the offspring. 
It is only under these conditions that we can speak of an hereditary 
stigma. But if an ancestor became insane from trauma, or was the 
victim of a febrile delirium or of some poison, accidentally ingested, 
and if a mental disease of a different or even of a like accidental type 
appeared in the offspring or collateral branches, it would be transcend- 
jug all facts to speak of heredity under these conditions. The classi- 
fication of intellect and morals into ten grades, while admirable for 
the purpose of comparative study, is rather artificial and does not 
possess that flexibility which is so characteristic of individual moral 
and mental tendencies. While the book lacks in the few details 
pointed out above, yet otherwise it is admirable as a study of the 
psychology of history and of the relentless grasp of general hereditary 
factors on certain families. The use of Galton’s law of ancestral 
heredity and of modern biometrical methods is a novel one, the results 
are admirable and worthy of a wider application. The book takes up 
in detail the different houses and branches of the principal European 
countries, while the bibliography is unusually complete and offers a 
ood working basis for all future investigators along these lines. The 
illustratus are admirable, especially those showing the Hapsburg lip. 
The various tables and pedigrees of the different royal families show 
a wide grasp of the subject and enable one to tell at a glance the men- 
tal and moral attributes of the various royal personages and their 
relation to one another in the same group. I. H. Cortrat. 


L’ Année psychologique. Publiée par A. BINET. Douziéme année, 1906. 
Paris, Masson et Cie. pp. 672. 

This volume of the Année psychologique divides, in the usual way, 
into original articles, genetal reviews of the past year, and critical 
notices of psychological works. 

The original articles, although not all equally satisfactory, are of 
quite exceptional range and interest, and the editor is to be heartily 
congratulated upon the variety and quality of the work which he has 
brought together. The series opens with a paper, by MM. Binet 
and Simon, on physiological and social poverty, in which the authors 
(taking advantage of a recent proposal to issue medical report-cards 
for school children) recommend certain methods of testing children 
for backwardness, etc., with a view to the juster distribution of state 
aid. In the following article, M. Bonnier discusses the mental status 
of the bees, and decides for intelligence as against reflex action. M. 
Treves contributes an elaborate study of work, fatigue, and effort, in 
the course of which he describes new instruments and methods, the 
results of which lead to valuable and definite results. M.de Sanctis 
discusses the types and degrees of mental defect, and indicates a 
method of test. M. Bourdon presents an experimental investigation 
of the influence of centrifugal force upon the perception of the verti- 
cal. M. Blaringhem writes upon the idea of species and the theory 
of mutation as set forth by de Vries. M. Binet enters a plea for a 
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philosophy of mind, in the course of which he scores unmercifully 
Haeckel’s recent Riddles of the Universe. M. Bohn criticises the 
terms tropism, reflex, and intelligence, and seeks to show that the 
work of Jennings is the complement of that of Loeb. M. Larguier des 
Bancels contributes an important and very readable paper on the 
psychology of evidence. M. Binet enters upon certain questions of 
scientific pedagogy, discussing in collaboration with M. Simon the 
measurement of visual and auditory acuity, and in collaboration with 
M. Vaney various tests of intelligence and the correct attitude to be 
adopted in writing. M. Claparéde supplies a critical article upon the 
psychology of the court-room. Finally, Professor Mach gives a 
succinct account of his views upon the relation of physics to psychol- 
ogy. 

There follow general reviews of a number of fields more or less 
directly related to psychology: anatomy of the nervous system (Van 
Gehuchten), general physiology of nerve cells and fibres ( Friedericq), 
sensation (Nuel), pedagogy (Chabot), esthetics (Souriau), linguistics 
(Meillet), comparative psychology (Bohn), criminological statistics 
(Lacassagne and Martin), anthropology (Deniker), abnormal psychol- 
ogy (Decroly), metapsychics (!) (Maxwell), religious psychology 
(Leuba), philosophy (Malapert), mental pathology (Leroy), pathology 
of the nervous system (Guillain). The consequence of this extended 
programme is that very little space is left for critical notices of psy- 
chological books and articles; so that we have the somewhat paradoxi- 
cal result of an Année psychologiqgue with the central and, perhaps, 
the most important aspects of psychology crowded out. The editor, 
however, hopes to remedy this defect in future numbers by bringing 
all the principal divisions of psychology within the domain of the 
general review. P. E. WINTER. 


Outlines of the Evolution of Weights and Measures and the Metric 
System. By W. HaLLocK and H. T. WapE. New York. The 
Macmillan Co., 1906. pp. xi, 304. 


The authors of this work propose ‘‘to consider briefly and system- 
atically the general history of weights and measures, the scientific 
methods by which units and standards have been determined, the con- 
crete standards by which the units are represented, and the present 
aspect of modern systems of weights and measures, together with the 
difficulties and advantages involved in any proposed changes.’’ They 
have accordingly aimed to supply, first, an introduction to metro- 
logical science designed especially for the student entering on the 
study of physics; and, secondly, such a discussion of the present sta- 
tus as may lead to an intelligent understanding of the issues involved 
in the proposed adoption of the metric system by English-speaking 
peoples. The ten chapters into which the work is divided deal with 
the beginnings and development of the science of metrology; the 
original development of the metric system; the extension of this 
system throughout Europeand elsewhere; the weights and measures 
of the United States; the characteristics and principles of the modern 
metric system; its use in commerce, in manufacturing and engineer- 
ing, and in medicine and pharmacy; the international electrical units; 
standards and comparison. An appendix gives tables of equivalents 
and useful constants. 

The authors have thus compiled an interesting, and, so far as the 
layman may judge, an accurate and useful book. Themselves sup- 
porters of the metric propaganda, they have not overloaded their 
pages with controversial matter, but preserve throughout a tone of 
scientific impartiality. Numerous references to original sources ena- 
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ble the reader who so desires to prosecute his studies further for him- 
self. P. E. WINTER. 


Essays. Von WILHELM Zweite Auflage, mit Zusditzen und 
Anmerkungen. Leipzig, W. Engelmann, 1906. pp. vi, 440. 

The Zssays of 1885 have long been out of print, and many psycholo- 
gists must have entertained the hope that their author would some 
day bring out a new edition of them; an edition enriched, perhaps by 
the addition of various important articles from the Philosophische 
Studien. The new edition has now appeared, and in a guise which 
makes the book one of extraordinary interest. Professor Wundt has 
reprinted the original essays (with the exception of the two on Animal 
Psychology and on Feeling and Idea) practically without change, and 
has appended to each essay a postscript—sometimes consisting of 
a couple of historical or autobiographical paragraphs, sometimes 
amounting to a new and separate treatment of the subject—expressing 
his present views upon the topics discussed. We thus have before us, 
in the words of the preface, ‘‘zwei Epochen wissenschaftlichen Den- 
kens in zwei zeitlich getrennten Bildern einander gegeniibergestellt.”’ 
There is, probably, no single volume which better shows the develop- 
ment of psychology during the past twenty years, or which brings 
home more forcibly to the reader the range and depth of Wundt’s 
influence upon that development. P. E. WINTER. 


The German Universities and University Study. By F. PAULSEN. 
Authorized translation by F. Thilly and W. W. Elwang. New 
York, Chas. Scribner’s Sons, 1906. pp. xvi, 451. 

Professor Paulsen’s book on German Universities is, as Professor 
Thilly puts it in his introduction, ‘‘the most satisfactory exposition 
of university problems and the most helpful practical guide in solving 
them, that has been published in recent years.’’ And the present 
translation will, no doubt, satisfactorily replace Hart’s ‘‘German Uni- 
versities’’ for the English-speaking reader; that work, excellent as it 
is, dates from 1874 and is consequently quite out of date. Professor 
Paulsen first gives an outline of the historical development of the 
German university, and discusses the modern organization of the uni- 
versities and their place in public life; then proceeds to discuss in 
detail the function of the university teacher and the ideals of univer- 
sity teaching; passes from teacher to student, and from instruction to 
study; and closes with an account of the particular university facul- 
ties. The volume ends with a bibliography, a list of the German 
universities, and an index of names and subjects. 

The translation is for the most part acceptable, if it is by no means 
brilliant. ‘‘Talmi-elegance’’ is not a word that one would care to see 
incorporated in the language; and ‘‘it would not be dignified to write 
for such” is not a sentence that one can qualify as even talmi-elegant. 

H. E. HOTCHKIss. 


A New Interpretation % Herbart’s Psychology and Educational 
Theory through the Philosophy of Leibniz, by JOHN Davipson. 
William Blackwood and Sons, Edinburgh and London, 1906, pp. 
IgI. 

This treatise is, with a few modifications, a thesis accepted by the 
Senatus of Edinburgh University in 1905 for the degree of Doctor of 
Philosophy and is, to quote the words of the author, ‘‘an attempt to 
give a general, and, it is believed, a new interpretation of Herbart’s 
pene +a and educational theories so as to show the adequacy of 

is fundamental conceptions to meet at least some of the demands of 

a science of education. In particular, there is an attempt to show 
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first, that Herbart’s psychological standpoint is the only intelligible 
and workable standpoint for the practical teacher; and, second, that 
from this standpoint such definite connotations can be given to the 
terms soul or mind, knowing, feeling, will, interest, and habit, that 
the terms so connoted become scientific and guiding concepts for edu- 
cational practice.”’ 

The author first discusses some of the critics of Herbart, dissenting 
from those who, from the Kantian point of view, regard the theoretical 
foundations of Herbart’s pedagogy as thoroughly unstable, and from 
the position taken by Dr. Hayward and other Herbartians, who, while 
admitting the incompleteness or even erroneousness of Herbart’s 
metaphysics and psychology, maintain that this in no way militates 
against the practical value of his educational doctrines, which were 
not deduced from his philosophy. Dr. Davidson, on the contrary, 
maintains that if the Herbartian theory of education works in prac- 
tice, it implies a sound psychological theory and that the logical pro- 
cedure is to question whether Herbart has been rightly interpreted, 
rather than to assume a contradiction between theory and fact. He 
finds the key to Herbart in the philosophy of Leibniz and through 
this offers a new interpretation of Herbart. In order to make the re- 
lation clear, he devotes three chapters to the Leibnizian philosophy, 
discussing successively Leibniz’s philosophical principles, his psycho- 
logical standpoint, and his theory of feeling and will. He then pro- 
ceeds to discuss Herbart’s psychological standpoint in comparison 
with that of Leibniz, beginning with his definition of soul and taking 
up point by point the similarities and differences of the two systems and 
showing that the latter are more in seeming thanin reality. He then 
discusses in fa similar way, Herbart’s theory of presentation, theory 
of feeling, theory of will, and concept of interest, summarizing the 
main points of his argument as follows: ‘‘Soul life is life in and 
through presentations and knowledge. Will is the movement of pre- 
sentations or knowledge, and meaningless when regarded as separable 
from knowledge. Hence right knowledge im movement will imply 
right willing. But the soul life can be habituated to move in right 
presentations or knowledge by the educative instruction of the educa- 
tor, which secures that the right presentations are sufficiently often 
repeated in the soul-life to become habituated soul activities. The 
conception of the ‘Memory of Will’ is adopted by Herbart to account 
for the growth of this habituated soul activity. The various habitu- 
ated activities ultimately form the soul-life into an organized instru- 
ment—an organon called interest—which wills, in the truest and 
highest sense of willing, the moral life of thought and action.’”’ Then 
follow chapters on the fallacy of formal education, individuality, and 
many sided interest, and interest versus self-realization as the first 
principle of education. The book is throughout clearly and logically 
written and is a valuable contribution to the philosophy of education. 


THEODATE L. SMITH. 


The Origin of Life, by J. BUTLER BURKE. Chapman & Hall, London, 
1906. pp. 351. 

In Nature, May 25th, 1905, Mr. Burke published a short account of 
experiments carried on by him in the Cavendish Labaratory at Cam- 
bridge, which evoked great interest and much discussion. A some- 
what more elaborate account appeared in the September number of 
the Fortnightly Review. These experiments dealt with certain forms 
of radio-activity, and in the course of them Mr. Burke discovered cer- 
tain minute bodies, which he named radiobes, and which he claimed 
exhibited certain characteristics of living matter. He characterizes 
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them as follows: Radiobes are ‘‘neither crystalline nor colloids in 
disguise, though colloids in the aggregate, but something more, and 
crystals in their constituent parts.’’ They differ from both in ‘‘ pos- 
sessing the elements of vitality in a primitive and undeveloped state.” 
The widespread interest in these experiments, now elaborated in book 
form, was due to the fact that they dealt with the question of spon- 
taneous generation in a new form. Not that Mr. Burke is the only 
investigator at work on this problem, as Raphael Dubois, M. Benedict 
and Renaadet have all published researches along this line, but Mr. 
Burke’s book is the first extensive English publication dealing with 
this phase of the subject whose problem is not of known organisms, 
but of the character of hitherto unknown bodies which some experi- 
menters, among whom is Mr. Burke, are inclined to consider as living, 
while others regard them merely as peculiar crystals, having possibly 
traces of organic impurities mingled with them. The production and 
behavior of Mr. Burke’s radiobes is, briefly stated, as follows: When 
sodium bromide is allowed to drop upon beef gelatine contained ina 
sterilized tube, by means of a small inner tube which can be broken 
without opening the test tube, after an interval of about twenty-four 
hours, minute bodies appear. These bodies, according to Mr. Burke, 
develop a nucleus, grow, and after reaching a certain size, subdivide. 
This subdivision constitutes their strongest claim to life and is de- 
nominated by Mr. Burke as ‘‘reproduction of a degenerative sort,’ 
since the cycle is not continued when subcultures are made. But 
strangely enough, in view of-its fundamental importance for Mr. 
Burke’s theory, he nowhere hints at having subjected these bodies to 
continuous observation which, however tedious and wearisome, would 
be a necessity for scientific thoroughness and accuracy, nor does he 
claim even to have seen the actual process of division. The statement 
that they do divide is apparently an inference from successive appear- 
ances under the microscope, but how easily juxtaposition may be mis- 
taken for fission is a matter well known to microscopists. An excel- 
lent example of these appearances may be found in Rainey’s figures, 
reproduced in Bastian’s Beginnings of Life. But admitting that fission 
did occur, it is not shown in what specific ways it differs from the fis- 
sion observed in experiments with fatty matters derived from dead 
animal substance. Moreover, radiobes are soluble in warm water, a 
fact difficult to reconcile with any generally accepted theory of condi- 
tions under which life first appeared. A. L. Herrera, in the Revue 
Scientifique of Feb. 17, 1906, thus expresses his opinion as to the na- 
ture of these bodies. ‘‘As far as Burke’s radiobes are concerned, they 
would appear to be simply accidental crystals of carbonates of barium 
and calcium, swelling in organic liquids or media. . . . These 
crystals, which have been studied conscientiously by Harting and 
Rainey, are attackable by weak acids, which have an albuminoid or 
fatty nucleus.’’ 

As a whole Mr. Burke’s book bears the marks of having been 
hastily thrown together. The few references are so incomplete and 
inaccurate as to be practically worthless, and important theories and 
experiments are quoted with noclue as to their date or place of publi- 
cation. The chapters in which Mr. Burke records his own experi- 
ments, where, if nowhere else, the reader has a right to expect 
accuracy and clearness of statement, leave one with a good deal of 
uncertainty as to the methods of observation and actual progress of 
the experiments, and an error in the numbering of the plates makes 
the references to the various appearances which they are supposed to 
illustrate, unintelligible. It is to be regretted that the publication of 
this book was not deferred until it could be completed in a more 
accurate and scientific form. THEODATE L. SMITH. 
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The Unit of Strife, by E. K. GaRRop. Longmans, Green & Co., New 
York, 1905. pp. 194. 

In this interesting volume the author shows how the struggle for 
life among individuals has given place to struggle among larger and 
larger units, while co-operation has taken the place of struggle amon 
the individuals making up the larger unit. Nations are on the old 
basis of the struggle for existence; but the individuals forming a nation 
must co-operate if the larger unit is to be strong. This difference in the 
basis of activity for states and individuals gives rise to a differentcode 
of morals for the two. 

The larger part of the book is devoted to tracing the transformation 
of man from competitive individualism to sympathetic co-operation. 
The great instruments of this transformation have been religion and 
law. These instruments have not overcome the force of selection 
entirely, but the process of socialization has been hastened as individu- 
als have come to comprehend the laws of social solution. Those 
natious will be most likely to survive that have religious systems 
most conducive to co-operation. The religious idea must be a pro- 
gressive one. 

The book is suggestive, but it is somewbat one-sided in its treat- 
ment. Struggle between individuals, which is still of immense im- 
portance in progress, is relegated to the background, and religion is 
treated merely as asocializing force and is not recognized as a means 
of individual development. F. A. BUSHEE. 


BOOK NOTES. 


Die Hoffnungslosigkeit aller Psychologie, von P.J. Mésius. Carl 
Marhold, Halle, 1907. pp. 69 

This is a most noteworthy publication. The author has studied 
thoroughly the systems of the theory of knowledge in its various as- 
pects and at the end, like Faust, finds himself convicted of ignorance 
and penetrated with a sense of hopelessness. This is an almost in- 
evitable logical result. Indeed, we have been waiting for years for 
some one to draw this inference. Once grant the assumption that 
the soul is best informed about its own processes and that the exter- 
nal world, as well as our personality, is but a universe and there is no 
issue, save in pessimism and depair, for consciousness lives in a 
charmed circle which it can never transcend. Toour thinking, how- 
ever, the issue is not despair, but the only too long delayed collapse 
of this method makes all the more plain and mandatory the necessity 
of a method which frankly assigns priority to the things of sense. But 
this is a long story. 


Modifiability in Behavior. Factors determining direction and char- 
acter of movement in theearthworm, by H. S. JENNINGS. Re- 
printed from the Journal of Experimental Zoology. Volume III, 
No.3. Baltimore, 1906. pp. 435-455. 

Professor Jennings has been at work these many years in studying the 
behavior of lower unicellular organisms and has here brought together 
in a more comprehensive way than in his Carnegie publication the re- 
sults of his work on amceba, bacteria, paramecia and other infusoria. 
He has also done much work on the lower metazoa and here analyzes 
their reactions to light, food, etc. Two most interesting chapters are 
upon the development of behavior and its psychic relations in lower 
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organisms. No one has done such careful and thorough work so 
near the beginnings of genetic psychology. 


Studies in Philosophy and Psychology, by former students of Charles 
E. Garman, in commemoration of twenty-five years of service as 
teacher of philosophy in Amherst College. Houghton, Mifflin & 
Co., Boston, 1906. pp. 4II. 

Thirteen original contributions by his former students, including 
such names as Professors Tufts, of Chicago; W. F. Wilcox, of Cornell; 
F. C. Sharpe, of Wisconsin; F. J. E. Woodbridge, of Columbia; E. L. 
Norton, of Western Reserve Univ.; W. L. Raub, of Knox College; E. 
W. Lyman, of Bangor Theological Seminary; E. Delebarre, of Brown; 
E. J. Swift, of Washington University; A. H. Pierce, of Smith; R. H. 
Woodworth, of Columbia, are here printed in their dedicatory volume 
commemorative of Professor Garman’s twenty-five years as a teacher 
of philosophy at Amherst College. In lieu of preface, a letter ad- 
dressed to Dr. G. Stanley Hall, several years ago and printed in the 
American Journal of Psychology, is here reproduced, as it is Profes- 
sor Garman’s best explanation of his system and his theory of teach- 
ing. Any academic professor would be proud of such pupils and of 
such a token of their respect. Professor Garman’s work has been 
quite unique, as he has refused to be seduced into extreme positions 
of the epistemologists and has wrought out a system of philosophy, 
which while often criticised for being esoteric, seems to be admirably 
adapted to deal with the callow‘doubt of college students in a way 
that does not force upon them premature conclusions and which 
stimulates those who have the ability to go on and become experts, 
and which, at the same time, lays a firm ethical foundation for con- 
tact with life. Precisely what this system is, Professor Garman’s 
colleagues are curious to know and many have criticised his methods 
of making all his instruction so personal and confidential. Probably, 
like all vital growing minds, Dr. Garman is constantly recasting and 
improving and those who wait will in the end be gainers by the delay. 
He certainly avoids more successfully than any other vigorous and 
original mind, any danger of immature expression by printing his 
system prematurely. 


The Syllogistic Philosophy or Prolegomena to Science, by FRANCIS E. 
Appot. Little, Brown & Co., Boston, 1906. Vol. I, pp. 377. Vol. 
II, pp. 376. 

We welcome heartily these two stately and well gotten up volumes 
as an original contribution by one of the most acute minds, in this 
field, that this country has ever produced. The work was left incom- 
plete at the tragic death of its author, whose wife, with commendable 
piety, has finished and brought it out. Dr. F. E. Abbot began life as 
editor of the Index, a journal of free religion, and leader of the 
liberal religious movement in this country. Both the man and the 
journal were gratefully received and did a great deal to clear up the 
ultra orthodox atmosphere of New England and of the country at 
large. He later abandoned this work and came over to philosophy 
for which he had remarkable aptitude. No one that the writer of this 
note has ever met has been endowed with greater power or more 
subtlety to trace the ultimate end of the very many devious ways of 
philosophical thought. 

The Hygiene of the Mind, by T.S. CLouston, M.D. Methuen & 
Co., London, 1906. pp. 284. 

Dr. Clouston is now the head of the most important institution for 

the care of insane in Scotland, and, in view of the fact of the volume 
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of the publications of his pupils, may almost be called a founder of 
the current Scotch School. He and a group of younger men about 
him are not distracted by the problem now so extended in this coun- 
try, whether the basis of scientific study here is neurological or sys- 
tematic, but they seek to look at the whole individuality and not to 
lose sight of brain mechanism, heredity, temperament, social in- 
stincts, emotion, bodily diseases, hygiene and manners, blood, work 
and fatigue, subjects which constitute the headings of the chapters of 
this book. Two periods of childhood, one from birth to seven, and 
the other between the age of seven and fifteen, and the ten years of 
adolescence are discussed. Sex questions and stimulus are also in- 
cluded in the broad view of the subject taken by Dr. Clouston. 


Harvard Psychological Studies. Vol.2. Edited by Huco MuNSTER- 
BERG. Houghton, Mifflin & Co., Riverside Press, Cambridge, 
1906. pp. 644. 

We have here the second volume of these important studies, which 
comprise something over a score of papers classified as optical studies, 
feeling, association, apperception, attention, motor impulses, and ani- 
mal psychology. Such a number of papers are naturally of very un- 
equal value, but among the multiplicity of such studies it is something 
to say that most of these really seem to make contributions. 


Instituts Solvay. Travaux de l'Institut de Sociologie. Notes and 
Memoirs. Bruxelles et Leipzig, 1906. 
These works, admirably printed, represent the work of the Solvay 
Institute, which may be called, perhaps, the Carnegie Institute of 
Belgium. The importance and extent of these publications limits 


our giving any adequate description of their contents. Suffice it to 
say that they stand for the best collection of scientific work which 
the country, already distinguished for its savants, can produce. They 
will be indispensable to express knowledge of the departments rep- 
resented. 


Brain and Personality; or the Physical Relations of the Brain to the 
Mind, by W1LLIAM Hanna THOMSON. Dodd, Mead & Co., New 
York, 1906. pp. 320. 

This eminent practitioner has here attempted to bring together the 
results of his own rich experience on the relations between brain and 
soul. While the author is no doubt well read, the work gives little 
trace of erudition and is encumbered by almost no notes or references. 
After an historical introduction and a brief account of the physical 
basis of mind, he discusses brain weight, its significance as a double 
organ, speech, the evolution of the nervous system, sleep, and makes 
various practical applications. 

The Nervous System of Vertebrates, by J. B. JOHNSTON. P. Blakiston, 
Son & Co., Philadelphia, 1906. pp. 370. 

The writer here sets forth with admirable lucidity and with the aid 
of 180 diagrams the present status of our knowledge of the nervous 
system, beginning with its development, elements, functions, the 
efferent system, including the senses, the visceral and sympathetic 
centres, those of correlation, etc. It is a work that should be in the 
hands of every student, for it is just now the most concise summary 
of the recent results of science without being very much burdened 
with technicalities. 


Proceedings of the Society for Psychical Research. Vol. 20, Part 3, 
October, 1906. Robert MacLehose & Co., Ltd., Glasgow, 1906. 
PP- 432. 
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Die Morphologie der Missbildungen des Menschen und der Tiere, 
von ERNEST SCHWALBE. I. Tiel. Allgemeine Missbildungslehre. 
(Teratologie.) Gustav Fischer, Jena, 1906. pp. 230. 

Here we have in rather condensed form a very comprehensive view 
of the theory concerning monsters and deformities. The chapters 
are written with characteristic German exhaustiveness and comprise 
the history of the idea, the literature, relation to related sciences, the 
contribution of experimental influences upon development history, 
regeneration, comparative anatomy and heredity, physiology, the 
time at which teratological influences are most effective and common, 
their cause, the effects of certain mal-formations of the germ, of tu- 
mors, amuiogene, the relations to sex, and finally the clinical treat- 
ment. Many of these topics are illustrated by cuts often from speci- 
meus of the author. One of the most interesting of all the original 
chapters is a pedigree of eight generations of ‘‘bleeders’’ of a family 
originally called Mampel, and in the last generation having some 
eighty-five descendants. The father was a bleeder and two of his 
eleven children died of this disorder. It would seem that only 
boys are bleeders and that they never transmit this tendency. Girls 
are never bleeders but do transmit. If this al] is true, it is of the ut- 
most importance for the doctrine of heredity. 


Haida Texts and Myths. Skidegate Dialect. Recorded by John R. 
Swanton. Smithsonian Institution, Bureau of American Ethnol- 
ogy, Bulletin 29. Governnrent Printing Office, Washington, 1905. 
pp. 448. 

The texts and myths here printed were obtained on the Queen 
Charlotte Islands of British Columbia during the year of 1900-01. 
About 85 pages are devoted to text itself, on the right-hand page, and 
the translation on the left. The remainder of the book is devoted to 
English translation of tales. 

A Second Life, by S. ToLvER PRESTON. For private circulation. 
1903. pp. 3I. 

Brains and Brain Preservatives,by ALES HRDLICKA. Proceedings 
of the United States National Museum. Vol. XXX, pp. 245-320. 
Goverment Printing Office, Washington, 1906. 

Normale und anomale Farbensysteme, von A. KIRSCHMANN. Archiv 
fiir die gesamte Psychologie. VI, Bd., 4 Heft, pp. 397-424. Wil- 
helm Engelmann, Leipzig, 1906. 

Das Wesen des menschlichen Seelen- und Geisteslebens, von BERTHOLD 
KERN. August Hirschwald, Berlin, 1905. pp. 130. 

Philolaus, by WM. ROMAINE NEWBOLD. Archiv fiir Geschichte der 
Philosophie, 1905, Vol. 19, pp. 176-217. Georg Reimer, Berlin. 

Le Mensonge. Etude de Psychosociologie Pathologique et Normale. 
Par G. L. DupRat. Félix Alcan, Paris, 1093. pp. 190. 

1. Note sur desformules d’intro duction al’ énergétique, physio- et psycho- 
sociologigue, par E. So.vay. Bruxelles et Leipzig, 1906. pp. 26. 

2. Esquisse d'une Sociologie, par E. WAXWEILER. Bruxelles et Leip- 
zig, 1906. pp. 306. 

3. Les origines naturelles de la propriété; Essai de sociologie com- 
parée, par R. PETRuccI. Bruxelles et Leipzig, 1905. pp. 246. 

4. Sur quelques erreurs de méthode dans l'étude de tv homme primi- 
tif: Notes critiques par L. Wopon. Bruxelles et Leipzig, 1906. 
PP- 37- 

5. L’Aryan et lanthroposociologie: Etude critique par le Dr. E. 

Hovuzk. Bruxelles et Leipzig, 1906. pp. 117. 
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Mesure des capacites intellectuelle et energétique par CH. HENRY, 
avec remarque additionelle par E. WAXWEILER. Bruxelles et 
Leipzig, 1906. pp. 75. 

Origine FPolyphyletique, homotypie, et non-comparabilité des 
a animales par R. PETRuccI. Bruxelles et Leipzig, 1906. 
pp. 126. 

Leib und Seele, Darstellung und Kritik der neueren Theorien des 
Verhdltnisses zwischen physischem und psychischem Dasein, von 
Dr. RUDOLF EISLER. Johann Ambrosius Barth, Leipzig, 1906. 
Pp. 217. 

Outline of the Vedanta System of Philosophy according to Shankara, 
by Paut DEUSSEN. Translated by J. H. Woods and C. B. Runkle. 
The Grafton Press, New York, 1906. pp. 45. 

Space and Geometry, in the light of physiological, psychological and 
physical inguiry, by DR. ERNEST Macu. Translated from the 
German by Thomas J. McCormack. The Open Court Publishing 
Co., Chicago, 1906. pp. 148. 

Contributo alla Dottrina delle Afaste, pel Pror. L. BIANCHI. R. 
Tipografia Francesco Giannini & Figli, Napoli, 1906. pp. 32. 
Psychic and Economic Results of Man’s Physical Uprighiness. T. W. 

HEINEMAN. Pasadena, Calif., 1906. pp. 103. 

Die Welt als Widerspruch. G.F.KROMPHARDT. Niagara Falls, N. 
Y., 1906. pp. 23. 

Cesare Lombroso e La Filosofia Scientifico. PROF. ENRICO MORSELLI. 
Torino, 1906. pp. 354-384. 

L’alcool e le malattie del sistema nervoso, prolusione del ProF. L. 
BIANCHI. G. Civelli, Napoli, 1906. pp. 27. 

Anemia in Porto Rico. Preliminary Report. San Juan, 1906. pp. 66. 


REPORT OF THE RECENT MEETING OF THE AMERICAN 
PSYCHOLOGICAL ASSOCIATION. 


The Fifteenth Annual Meeting of the American Psychological Asso- 
ciation, in affiliation with the American Association for the Advance- 
ment of Science, the American Society of Naturalists and the Ameri- 
can Philosophical Association was held at Columbia University, New 
York City, Dec. 27, 28, and 29, 1906. After listening to an address of 
welcome by Pres. Butler, the first regular session was held at 10.30 A. 
M., in the psychological lecture-room in Schermerhorn Hall. This 
session was devoted to a discussion of the subject: Organized Co-op- 
eration in Standardizing Psychological Tests. Opinion seemed to be 
almost unanimous as to the desirability of such standardizing, but there 
was some difference of opinion as to how best to accomplish it. Pro- 
fessor Angell thought it best to begin with the simpler tests, while 
Professor Judd would not limit the list to these. Professor Pillsbur 
suggested that first of all this standardization meant work, hard an 
long, for all our laboratories before any committee could undertake 
to prescribe what should be done. The question was left in the hands 
of a committee of seven to report on the advisability at a later ses- 
sion. Their report favored placing this work in the hands of a com- 
mittee of five and it was so adopted. 

On Thursday afternoon the papers were as follows: Professor Simon 
Newcomb: The Estimation of Visual Space Magnitudes. The speaker 
brought a wealth of fresh examples to illustrate the accuracy of esti- 
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mation of length, how we use the angle subtended by the object and 
yet are not accurate in our estimation of angles alone, and of the fact 
that we depend largely on iuternal images, by which he would mean 
what psychologists express by the subjective element in visual space- 
perception. Prof. Baldwin pointed out that instinct could furnish 
animals, such asthe chick, with this subjective basis for accurate 
space perception. 7. Lyman Wells: A Scientific Criterion of Literary 
Merit. Ten literary men of America were rated by the members of a 
graduate club of Columbia University. Some of the points graded 
were imagination, clearness, finish, euphony, and wholesomeness. 
Such a study tells us less about the men rated than of the men doing 
the rating. It also shows that this group of literary men is more 
homogeneous than the scientists studied in a like manner a few years 
ago. It tells us little of those falling in the middle group but more 
of those in the lower and higher. George M. Stratton: The Photog- 
raphy of Ocular Movements. The speaker uses the reflection of a 
point of light on the eye in recording ocular movements. Prof. Judd’s 
excellent work, he feared, would lead to the inference that his 
method, the placing of a particle of white on the eye and photograph- 
ing the movement of that, was the only method possible. Actual 
negatives were used as slides to show the irregular movement of the eye 
in tracing a square, a circle, an imaginary circle, etc. In discussion 
Prof. Judd maintaiued that his method allowed of better interpreta- 
tion of results. Raymond Dodge: Minimum Exposure in Experi- 
mental Studies of Reading. It is a mistake to reduce exposure times 
in reading tests. Eye movement is relatively slow. Reduced time 
does not necessarily limit physiological excitation and the mental 
processes are not thereby made simple and parallel. Illumination of 
the pre- and post-exposure fields may modify results. /. Carleton 
Bell: Studies in Binocular Depth Perception. The tests were made in 
the Harvard laboratory by means of two dots of light which by means 
of screws seemed to approach the subject as they were brought to- 
gether or recede as they were separated, and could be combined stere- 
oscopically. The authorconcludes that binocular depth perception is 
a function of accommodation and convergence. In many cases, how- 
ever, there is a greater or less dissociation of the two when accommo- 
dation plays the chief role. Thesubject deserves more attention than 
it has hitherto received. 

Following a brief recess came the address of the President of the 
Psychological Association, James R. Angell, subject: The Province of 
Functional Psychology. At present one can do little more than state 
a programme, and delimit the scope of this kind of psychology. It 
is chiefly an attitude of mind. Really it is as old as Aristotle, Dar- 
win and Spencer. Its chief contrast with Structural Psychology is in 
the fact that the latter deals with states of consciousness which for its 
analysis are more or less artificial. Structure can never be twice the 
same while function may be. The why and how are always implied 
in the what, so that structural may include only a part of the prob- 
lem of psychology while functional more easily includes all three 
questions. Biology has given a more and more prominent place to 
mind. Pedagogy finds much more that is useful in looking at mind 
from the functional point of view. So also does mental Hygiene and 
Psychiatry. The recent and large amount of work done in Animal 
Psychology on the subjects of Instinct, the senses of animals and 
modifiability, form a significant chapter in functional psychology. 
Human Genetic Psychology adds another chapter in its attempts at a 
longitudinal section of consciousness and a correlation of this with 
growth. The leaning of the Functionalists toward Biology is well 
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calculated, of course, to arouse the ire of the pure psychologists and 
yet Functionalism deals with that which is vital to the organism. 
The fundamental conscious utilities are instinct, the short circuit 
algedonic, and the long circuit algedonic, reactions. The author 
omitted most of his detailed classifications which illustrate his notion 
of the usefulness here of the functional point of view. The problem 
of mind and body he would regard as largely methodological. Be- 
havior and control is the chief point of interest in the living organ- 
ism. The functional point of view is calculated to unify and make 
more nearly one many of our subjects of study which now seem so far 
apart. Charles H. Johnston: Feeling Analysis and Experimentation. 
The meagre result obtained in our attempts at analysis of feeling has 
been due to the over-emphasis of the cognitive side as well as to the 
fact that we have viewed the feelings from the structural point of 
view and have depended too much on the analytic method. We do 
not know whether feeling (affective state) is an independent element, 
a complex process, or an accompaniment of something else. Yet we 
all mean somehow the same thing. The impression method seems 
most favored and yet our introspective data is not reliable. The pleas- 
ant and unpleasant category seems certain, from recent experiments 
which have largely been made to test Wundt’s tridimensional theory. 
John F. Shepard: Some Results of Experiments on Cerebral Circula- 
tion in Sleep. Very sensitive brain plethysmographs were used. 
Marked changes in the curves were shown to be produced by awaken- 
ing the subject or by simply disturbing him. There is some head 
movement during sleep and this modifies the curve. This was obvi- 
ated by placing the head in a swing. The Traube-Hering breathing 
curve is very marked when the subject is asleep. The results were 
striking because they show a marked increase in brain volume with 
depth of sleep though there may be at first a slight decrease. Stuart 
H. Rowe: The Difference Between a Habit and an Idea. For practi- 
cal application to teaching these should be sharply distinguished. 
The paper dealt with several contrasts which obtain between them. 
George H. Mead: The Relation of Imitation to the Theory of Animal 
Perception. WUobhouse’s theory of Imitation was criticised. Percep- 
tion in Animals seemed to involve considerable experience of kinzs- 
thetic value. In making experiments to test for Imitation this should 
be itaken into account. /ohn B. Watson (reported by Mr. Carr): 
Kinesthetic Sensations: Their Réle in the Reactions of White Rats to 
the Hampton Court Maze. Rats were first taught to go through the 
maze and then their eyes removed. On being returned to the maze 
they showed no disturbance of any sort. The ears, vibrisse, face, 
olfactory organs, soles of the feet—in fact, all the organs of the ani- 
mals except those of kinzsthetic value—were removed or made use- 
less. The animals showed little if any loss in ability to learn or re- 
learn the maze. The maze was swept with air currents in different 
directions and cold and warm linings were placed at the places of 
turning but without effect. Quite a disturbance was caused however, 
by turning the maze through go°, 180°, and 270°. This last is entirely 
in agreement with the present writer’s work gn English Sparrows 
and other birds. H.S. Jennings: Habit Formation in the Starfish. 
In order to get proof of habit formation one must, so to speak, corner 
the animal. This is very difficult with the starfish for the reason that 
it is so versatile, z. ¢., it can accomplish the samething in so many 
different ways. By not allowing it to right itself by turning under 
those rays which it was seen to use most habitually it was found pos- 
sible to make it use others. This habit had only partially disinte- 
grated after an interval of three or four days. Robert M. Yerkes: 
Modifiability of Behavior in the Dancing Mouse. By giving these ani- 
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mals an electric shock when they enter the wrong opening they may 
be taught to distinguish between openings surrounded by black or 
white cardboard. The males learned more rapidly. Red has not the 
same value for them as for us. Nine-tenthsof all color tests on ani- 
mals do not require color discrimination by the animals. The re- 
viewer cannot at all agree with the statement that an electric shock isa 
better sofif to use with animals than a natural degree of hunger. He 
is in hearty agreement with the standardizing of mazes to be used 
with animals. James P. Porter: Further Study of Variability in Spi- 
ders. This paper gave further material gathered since the report of 
a year ago and was illustrated with lantern slides. 

At 3 P. M., on Friday, President Butler gave his address of welcome 
to the Philosophical and Psychological Associations in joint session. 
He emphasized the great need for careful practical work in these 
fields in viewof the great waves of feeling which sweep at times over our 
democracy, and also that few know what real thinking is. Then fol- 
lowed the address of Prof. James on ‘‘Men and Their Energies.”” He 
referred to Prof. Sanford’s insistence on the physician’s attitude of 
mind and to the more adequate treatment which Prof. Janet has given 
to abnormal conditions because, for one reason, he has uot expressed or 
thought them in the ready-made psychological terms. Few of us put 
forth all the effort of which we are capable. There are different levels, 
and habit fixes the amount of energy weexpend. Wecan in physical 
effort get our second wind and a third and fourth. This is true of the 
mental life also. The stimuli of war, and of love, serve to move us to 
greater and greater effort. The letters of the Englishman in charge 
of the city of Delhi at the time of a siege illustrate in a striking man- 
ner the rising to higher and higher levels. Janet’s psychoasthenics 
are examples from the field of pathology. The decisions, moral and 
otherwise, required of a city dweller demand an output of energy which 
is not at all called for from the countryman. Prof. James’s European 
friend, who for many years had suffered from a collapse every fourth 
week finally set for himself the task of the Yoga ordeal. Thespeaker 
quoted at length from letters to describe the fasting, prayer, postures 
and reduction of breathing, etc. After one severe collapse there seems 
to have been a complete cure. It may be all self-suggestion, but he can 
now undergo the most trying hardships. In all the above considera- 
tions and many more the problems which face us are: (1) What are 
the problems of mental work? (2) What really are our powers and 
capabilities? and (3) What are the best means of unlocking these? 

I. Madison Bentley: The Effect of Distraction Upon the Intensity 
of Sensation. So far as the experiment has been carried the effect has 
been an underestimation of both the loud and weak sound stimuli. C. 
E. Seashore: Some Contributions to Tone-Psychology. There is asurpris- 
ingly wide variation in Pitch discrimination. Subjects from college 
and high school are no better than grammar grade pupils. The de- 
termining factor is probably physiological. Musical training modi- 
fies it but little. The speaker made certain classifications several 
years ago; to representatives of some of these it is inadvisabie to at- 
tempt toteach music at all. &. H. Cameron: Tonal Reaction. The 
apparatus consists of a diaphragm attached to a pen the vibrations of 
which are written on a moving paper strip. By meansof a time line 
these vibrations may be measured. Subjects with and without musi- 
cal training start low and waver about a tone which they are asked 
tosing. In imitating an organ-pipe tone theydothesame. The effect 
of another tone sounded as they attempt to imitate is to render 
them more inaccurate. 

At the dinner of the American Society of Naturalists and Affiliated 
Societies an excellent address was delivered by Dr. Davenport. After 
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reviewing the co-operative work by the scientific societies of the past 
the speaker made a plea for such at present in the wide field of Biol- 
ogy. First and incidentally, for the fixing of nomenclature; secondly, 
and of much more importance, for co-operation in the prosecution of 
research. 

At another session of the Psychological Association the following 
papers were presented: Eleanor Harris Rowland: A Proposed Method 
for Teaching sthetics. The teaching of this subject in our colleges 
is in an unsatisfactory condition. If the subject is given some atten- 
tion in the grades and high school, it receives so little in our colleges 
that the best among the students do not follow itfurther. In Boston 
there is a plan to be put into operation which will involve visits to the 
museum, the lending to colleges of works of art, and lectures to the 
students by museum officials and artists. The students are to see 
works of art and then discuss principles. W. B. Pillsburg: An At- 
tempt to Harmonize the Current Psychological Theories of Judg- 
ment. There are four current theories. That of Brentano in which 
belief is the central factor. For Marvin it is equivalent to compari- 
son. Agaiu Judgment may be said to be a sort of evaluation; while 
the last tendency makes it identical with the ascription of meaning. 
The last three were shown to be much the same while belief is con- 
comitant with judgment. Prof. Dewey’s element of doubt was not 
considered by the speaker to be an important consideration. Kate 
Gordun: A Classification of Perceptial Processes. We are to get our 
basis for a new classification in the motor response. Intensity, exten- 
sity and duration of sensation are to be related to the same. Quality 
gets its character here also. Schneider’s expansion and contraction 
theory was invoked as explaining much, but discussion did not seem 
to favor it. A. H. Pierce: Imagery Illusions. The Non-Visual Char- 
acter of the *‘Proof reader's Illusion.’’ The author criticised the ex- 
planation of the ‘‘Proof reader’s Illusion’”’ found in the usual psycho- 
logical texts. For him such is not visual at all, but auditory or 
articulatory. The phrase Imagery Illusions was proposed. RF. S. 
Woodworth: Non-Sensory Components in Sense Perception. The way 
a subject sees the stair-case figure is not due to eye-movement, to 
the part fixated orto the eye-balls. This is true of other equivocal 
figures. Subjects agree in saying that preceding images do have a 
determining influence. Hence what is seen is non-sensory, it is a per- 
cept quality and is further illustrated by the way we perceive size, 
distance, and various rhythms. A ‘“‘Mental Reaction Theory’’ was 
proposed to explain how we get this peculiar quality. It is not the 
result of motor response or a synthesis of sensations. This theory is 
probable from a consideration of brain structure. £. 1. Thorndike: 
The Mental Antecedents of Voluntary Movements. Any mental state 
may be the antecedent. The opponents to this view were asked to 
consider the following: What sort of images do you have when you 
will not to perform an act? Suppose you will to move your eyes ina 
straight line across the page. You never have done so and never can. 
Will to copy several pages of a book or article you have written. 
What is antecedent to involuntary movements? The view upheld 
by the other side makes voluntary and involuntary movements radi- 
cally different. Considerable and interesting discussion was called 
forth by the last four papers read. 

Receptions were tendered the visiting scientists by the President 
and Trustees of Columbia University, and by the College of the City 
of New York, in the splendid new buildings of the latter. On Satur- 
day afternoon, the unveiling of ten marble busts of pioneers in Ameri- 
can Science at the American Museum of Natural History and a recep- 
tion in the evening formed a fitting close to a most profitable and 
enjoyable series of meetings. JAMES P. PORTER. 
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